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Adjustable-speed drives 
Air bearings, flat 
Air circuits, assembly of 
design of 7. 
Air-relief hole, in electroplating 
AISI, type numbers for stainless 
steel 
Alignment nomograms 
Alloy-junction transistor 
Alloys, aluminum 
magnesium, treatment of 
steel, precipitation hardening 
spring material 
titanium. . is 
to combat corrosion 
Aluminum, high strength alloys 
soldering of , 
Aluminum-alloy structures 
Annual reports, what it tells 
Applications of, compressors, heavy 
ee 
gaskets 
plastic joining 
plastic piston rings 
rectifiers 
solar furnaces 
spring materials 
thermistors. . 
thermoplastic forming 
ultrasonic machining 
ultra-strength steel 
Arc-welding, power sources for 
Asbestos, effects of medium on 
friction materials 
Austenitic steel 
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Backstopping clutches 
Bearings, air, damage to 
design data for 
damage, float coupling 

heat and dissipation 
loads, plastic belting 
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Prefix numter before the section letter and page number indicates 


the issue. 
tember, 1958. 
September, 1959 


Belt and wire rope drives 
Belts, chains, gears, comparison of 
Belts, flat 

plastic-core leather 

V-drives 
Bending of circular plates 
Beryllium 
Binder for coatings 


Bolt and rivet joints for joining tub- 


ing i 
Bolts, steel, markings for 
Brazed honeycomb sandwich 
Brazing, dissimilar metals 

ph steels 
Brittle coatings, in stress analysis 
Buna-N, effects of medium on 
Buna-S, properties of 
Butyl (GR-1), properties of 


Cam-controlled valves 
Cast iron, machinability of 
Castings, ductile iron 
pearlitic malleable 
Catenary effect, belt drives 
Cellulose acetate, forming of 
properties 
Ceramic materials 
Ceramics, friction materials 
Chains, belts, gears, comparison of 
Chemistry of ph steels 
Chlorinated polyether 
Chlorotrifluoroethylene 
Chromium. . 
plating, designing for 
Circuits, air 
fluid, trouble shooting 
fluid power 
designs of 
hydraulic 
liquid-level detectors 
servomotor 
transistor, photosensitive 
tetrode 
Clutch, dry, torque in 
eddy-current 
sprag-type 
Coatings, conductive and resistive 
porcelain enamel 
see also Finishes 
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Cobalt-bearing alloys 
Cold heading 
Columbium ; 
Combined air-control circuits 
Comparators, optical 
Compatibility, of elastomers with 
hydraulic fluids ‘ 
Components, identification of 
Compression joints for joining tub- 
ing : Aone og 
Compressors, heavy-duty 
nonlubricated 
Conductive and resistive coatings 
Concentration cell 
Constant purge system 
for density 
for liquid level anal 
Continuous liquid-level recorders 
Control accessories, air circuit, loca- 
tion of ' 
Control devices, selecting for hu- 
man Operators 
Conveyor-belt wire 
Copper-oxide rectifiers 
Corporate report, what it tells 
Corrosion, alloys to combat 
resistance to 
wrought iron 
Cotton belt formulas 
Couplings, fluid, operation 
limited end float 
Creep, titanium — 
CSA standards for punch press op- 
eration 
Curve fitting. . 
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Dec motor-generator, for arc 
welding 
De relays, sensitive 
De transformer-rectifier, for 
arc welding 
Deep draws, electroplating of 
Density, constant purge system 
for measuring 
Design factors, in machine 
efficiency 
for molding, glass reinforced 
parts... oeee 
Design suggestions for honeycomb 
sandwich 375 
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Detectors for liquid level. . . 
Diametral] clearance, in brazing, 


Diesel engine, turbocharger for 
Diesel engine fuel economy 
Differential gage pressure 
Dimensional changes, with 
temperature 
Diode modulators. . 
Diodes, solid-state switching 
Dip soldering, of aluminum 
Direct control air circuit 
Discrete liquid-level detectors 
Dissimilar metals, brazing of 
Drafting standards-projections 
Drain hole, in electroplating 
Drape forming of plastic 
Draw forming of plastic 
Drift transistor. . 
Drives, belt and wire rope 
sheave diameter for v-belt 
Drive-system chart. 
Dry-clutch, torque in. 
Ductile iron, properties of 
Ductile iron change gear 
Durometer hardness 
Duty cycle, in arc welding 
Dynistor, characteristics of 


Economics, diesel engine fuel 
plastic sheet forming 
premix materials 
Eddy-current clutch 
Ejectors for suction pressure 
Elastomers, compatibility of 
Electrical damage, to bearings 
Electrolytic chromium 
Electromechanical modulators 
Electron beam machining 
Electronic standards 
Electroplating, designing for 
better. . 
Electrostatic effect, on bearings 
Elongation of filler metal 
Engines, diesel fuel economy 
exhaust system noise control 
rocket 
single cylinder, rumble in 
Enthalpy-temperature chart 
Epoxy, resin 
Epoxy-fiber compositions 
Erosion 
Ethycellulose, forming of 
Evaluation of industrial reports 
Exhaust system noise control 
Exponential curve fitting 
Extruded rubber 


Fan, centrifugal, manometer 
used in 

Fasteners, threaded sealant for 

Fatigue, titanium 
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Fatigue-resistant structures 
Filler metal, in brazing, 
elongation of. . 


Flame, soldering, for aluminum. : 


Flange design and gasket 
selection........ 

Flat belt formulas. ‘ore 

Flat parts, electroplating of 

Flexible mounting systems, 
isolation curve for. 

Flowmeter. ... 


Fluid circuits, trouble shooting. . 


Fluid control, sealants for 

Fluid couplings, operating 
principles 

Fluid power circuits 

Fluid power diagrams 

Fluids, hydrostatic head of 
synthetic hydraulic 

Foot valve, two way 

Forming, plastic sheet 
precision compression 
titanium extrusions 


Four-layer diodes, characteristics 


EE ae 
Four-way valve 
Fretting..... 
Fretting fatigue failure 
Friction, materials 
Fuel meters 
Furnaces, solar 
Furnace soldering, of aluminum 


Galling screw-threads 
Galvanic corrosion 
Gap change, in brazing 
Gas-shielded electrode 
Gaskets, selection and flange 
design 
Gears, chains, belts, comparison 
Cs saws 
Gears, failures related to 
lubricants 
planetary. 
spur, nylon (Zytel) design of 
Geometric curve sketching 
Germanium rectifiers 
Glass-fiber brush soldering 
Glass-protected steel 
Glass reinforced plastics, 
fastening of 
Graphite pigment coatings 
Gray iron, machinability of 
“weeping” in : 
Grinding wheel soldering, of 
aluminum . 
GR-S(Buna- S), properties of 
Gyroscope precession torques 


Hafnium 
Hardness, conversion of, Knoop 
to Vickers. ... 
durometer... .. 
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Heat treatment, high purity 
aluminum 
ph steels. . 
ultra strength steels 
Heavy-duty compressors 
Helical springs, nomograms for 
Hexagon locknuts, locking 
ability of... 
High-temperature, effect on 
reinforced plastics 
Hole tolerance, in electroplating 
Honeycomb sandwich, designing 
with. ... 
Hot plate soldering, of aluminum 
Hot upsetting 
Human operators, control devices 
are 
Hydraulic, actuz ators, resonant 
frequency 
Hydraulic circuits, design of 
Hydraulic drive 
Hydraulic fluids, synthetic 
Hydrostatic head, nomograph for 
Hypalon, properties of 
Hyperbolic curve fitting 


Indexing clutche 
Induction welding 
Industrial reports, 
and evaluation 
Intercooler, on turbocharge 
Inter-face identification 
Intergranular corrosion 
Intrinsic-barrier transistors 
Involute splines, design advar 
tages of, new standards for 
IRE standards on reference 
designations 
Iron, ductile 
malleable 
Isolation efficiency curve 


preparatior 


Joining, frictior 
plastics 
tubing 
Joints, of dissimilar metals 


Knoop-Vickers hardness conve 


S10! 


Leaded steel, machinability of 
Least-mesh angle, of planetary 
gears 
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Leather, belting, plastic-core 
effects of medium on 

Length, spring minimum 

Limit switches, electrical, 
in air circuits 

Liquid cooling, for ele ctronic 
equipment 

Liquid level, constant purge 

system for : 

detectors ‘ 
intermittent purge sy stem for. 

Liquids, head, nomogram for 

Locking ability of hexagon 
locknuts 

Lubricants, gear failures related to. 
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Machine efficiency, design 
factors in , 
Machining, ultrasonic 
ultra-strength steel 
Magnesia ceramic 
Magnesium alloy treatment 
Magnetic, modulators 
Malleable iron 
Manometers, theory and 
application of 
Manual arc-welding 
Match plate mold forming 
Materials, effects of medium on 
friction ; 
phenolic premix 
piston rings 
polyester premix 
spring 
Measurement of physical variables 
Mechanical joining of plastic 
methods of joining tubing 
Metal, metals (see also metal in 
question) 
aluminum 
bronze, springs 
dissimilar, brazing of 
effect of medium on 
filler, in brazing 
for tomorrow 
iron, ductile 
malleable 
machinability chart for 
rectifiers 
stampings 
steel, austenitic 
fretting fatigue failure 
martensitic 
nickel, dependability of 
springs 
precipitation hardening 
stainless (wire) 
AISI type numbers for 
titanium, elevated temperature 
forming of 
fretting fatigure failure 
wrought iron 
Metallic, friction materials 
Metal spraying 
Meters, flow 
fuel. . 
MIL-L-7808 
Minimum spring 
MLO-8200 
Molybdenum 


values 
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Sh ibeheees Mebane minicom oo 


Molybdenum-bearing alloys 
Motors, alternating current, 


single phase....... 
direct current 


limited end float coupling 
Mounting tabs, in electroplating 
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Neoprene, effect of medium on.. . 


properties of 
Nickel plating, designing for. 


Nitrile rubber, compatibility of. ; 


properties of 
Noise control, engine exhaust 


Nomograms, bearing heat and 
dissipation 

construction of...... 
diametral clearance. . 
gyroscope precision torque 
helical springs. ... 
liquid head. 
switch-time 

Nondestructiv e testing sy ymbols 
Nylon resin (Zytel) spur gears 
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Operating principles in fluid 
couplings. . , 
Optical comparators... .. 
OS-45 (silicate)... . 
Overrunning clutches 


~_ 


Paper, effects of medium on 
Pearlitic malleable castings 
Phenolic resin, premix 
properties 
effects of medium on 
in reinforced plastics 
Photosensitive transistors 
Pilot valve, times, in air circuits 
Piston rings, plastic. 
Planetary gear-trains. 
Plastic properties chart 
Plastic-core leather belting 
Plastics, effects of medium on 
epoxy-fiber 
epoxy-resin. . 
forming of sheet 
glass reinforced 
mechanical joining of 
reinforced 
properties and applications 
Plates, circular, symmetrical 
bending of.. 
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Plating, designing for better 

pnpn and pnpm switching diodes 

Polyamide 

Polycarbonate 

Polyester, premix 

Polyester-glass, pressure cast... 

Polyethylene, forming of. . 

Polystyrene. 

Polyurethane, properties of. . 

Polyvinylchloride. . had 
designing with ble ania 
rigid, creep curves for... .. 

Porcelain, ename) coatings 

Power transistors. . ‘ 

Power transmission, belt and 


clutches 
gears 
plastic-core le ather belts 
torque converters 
Precision compression forming 
Preparation of industrial reports 
Press fitting plastics 
Principles, fluid coupling operation 
Projections, drafting 
Properties of, alloys to combat 
corrosion - 
aluminum, permanent mold 
castings 
sand castings 
belt and rope drive materials 
friction materials 
glass 
industrial crystals 
plastics 
mechanical joining 
phenolix premix 
piston rings..... 
polyester premix 
porcelain enamel 
sealant for fasteners 
steel, precipitation hardening 
ultra-strength 
titanium 
Pumps, hydraulic 
PVT formula, gear failures 
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Radioactive testing, gears 
Ravigneaux gear train. 


Reaction-flux soldering. . . 8 3 


Recessed parts, in electroplating 
Reciprocating system, air operated 
Rectifier, metal ; icuee 
Rectiflow drive : 
Reinforced plastics. ...... 
Relays, sensitive dc 
Remote-control air circuit 
Reports, industrial 
Resin, epoxy. . 
phenolic 
polyester 
Resistive and conductive coatings 
Resonant frequency, hydraulic 
actuators area 
Rigid polyvinylchloride. . 
forming of 
Rivet and bolt joints for joining 
tubing 
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Riveting, blind 
Rocket-engine systems 
Rubber, acrylic 
effects of medium on 
extruded 
nitrile. . . 
properties of 
Rubberlike hydraulic seals 
Rumble in single cylinder engines 


_ © 


Scoring, gear failure 
Screw-threads, problems in 
Sealant for threaded fasteners 
Sealants, for fluid control 
Seals, for hydraulic fluids 
Selenium rectifiers 
Self-locking dc relays 
Semi-conductors 

Sensitive dc relays 

Sequence air-circuit, 

semi-automatic 

Sequence cylinder-action 

Servo modulators 

Servomotor, modifications to 

Sheave diameters for v-drive 

Silicon rectifiers 

Silicon-bearing alloys 

Silicone, effects of medium on 

Silicone rubber, properties of 

Silicones, compatibility of, in 

plating. 

Silver-pigment coatings 

Single-acting cylinder 

Single-cycle feed and return 

in air circuits 

Single-cylinder engines, rumble in 

Skydrol 

Slide forming 

Slip forming of plastic 

Snap-back forming of plasti: 

Solar furnaces 

Soldering, of aluminum 

Solders, for aluminum 

Solid-state switches (diodes 

Specific gravity, indication of 

Spin welding of plastic 

Splines, involute, design advan 

tages of new standards for 

Sprag-type clutches. . 

Springs, design of minimum 
helical, stress and stiffness in 
material. . 

Spur gears, nylon resin (Zytel), 
capacity of 
design of 

Stainless steel wire, 

Stampings, metal 

Standards, drafting, projections 
electronic 
interference-fit threads 
IRE on reference designations 
NEMA, coupling end float 
nondestructive testing symbols 
punch press operation 
steel bolt markings 


ten uses of 
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Steady-state axial flow forces on 
pneumatic valves. . 
Steel bolts, markings of 
Steel, austenitic 
glass-protected. 
machinability of. . 
martensitic 
nickel, dependability of 
precipitation hardening 
spring materials. 
ultra-strength... . 
wire, stainless 
Straight line curve fitting 
Stress analysis, brittle coating in 
Stress corrosion 
Stress rupture, titanium 
Styrene, forming of 
Submerged-arc welding 
Supercharger pressure ratio 
Surface barrier transistors 
Switches, solid-state. . . 
Switch-time nomograph. 
Symbols, nondestructive test 


Synthetic hydraulic fluids, se vals for 


Tank gages 
Tantalum. 
Tefion, effects of me sdium on.. 
Telescopic joints for joining 
tubing. . 
Temperature flash formula, gear 
failures. . 
Temperature, effect on, 
nickel steel 
titanium. . 
Temperature chan 
effect of 
Tetrode transistor 
Thermistors, types and uses 
Thermoplastics. . 
Thin doublers for structures 
Thiokol, effects of medium on 
properties of. . 
Thread-fit problems 
Thread joints for joining tubing. : 
Threads, interference-fit standards 
sealant for.... 
Three-way valves 
Thrust chambers, rocket 
Time dwell in air circuit 
Titanium. . . 
at elevated tempe rature 
forming extrusions of 
Torque, bolts. ... 
characteristics, sealant 
in dry clutches. 
loss, belt drives 
valve linkages. : 
Trade names, of solid- state 
switches. .. . 


rectihers 


ge, dimensional 


servo modulators 
ultra-strength steels 
Transistors, design and construc 
tion of... 
intrinsic-barrier 
Treatment, magnesium alloy 
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Tubing, mechanical joining 
Tungsten. . 
Tungsten electrode, for 

arc welding... . 
Turbochargers, how to select 
Two-way valve 
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Ultra-strength steels 
Ultrasonic, machining 
Ultrasonic soldering, of aluminum 


V-belt formulas 
Vacuum forming of plastic 
Valve characteristics 
Valve, cam controlled 
foot, two-way 
four-way 
identification 
pilot 
three-way 
Valves, pneumatic, steady-state 
axial flow forces 
Vanadium. . 
Vickers-Knoop hardness 
conversion 


Volume, spring minimum 


Warm heading 
Wear, gears 
“Weeping” in gray iron 
Weight, spring minimum 
Welding, induction, of plastic 
ph steels 
spin of plastic 
ultra-strength steel 
Welding rods 
Wire, stainless steel, ten uses of 
Wire cloth 
Wire rope and belt drives 
Wrapping, titanium extrusions 


Zirconium 
Zytel spur gears, design of 
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INDEX OF PRODUCTS ADVERTISED in This Issue 


lesigned for easy reference to any advertised 

are particularly interested. Most adver 

r a specific product will be found in its appropriate 
However, a few are not because some advertisements 
sever i nt product More detailed information 
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Engines Inspection Equipment Motors, High Frequency, 
Instruments, electrical 
hydraulic 
pneumatic oe 
nonmetallic ‘ 19 7] Insulation 128, 131, 132-133, 
154, 155, 158, 182, 4, 3 nechanical 


Engravers Pon 
sub-fractional 


Expanded Materials 
ors, hydrauli 


Extrusions, metallic 


Fabricated Plastics Insulators 150, 155, 160, 182, 325, Mountings 
(see Plastics, Fabric 
Fabricated Steel 
(see Sheet Fabri 
Forms & Shap« 
expansion 
Fabrics. Coated 1? < | _ 324. ’ instrument 
. swing & swivel 
Fans akineied 


Fabrics 


Fastening Methods. .51, 2 , 354-35 action Gomes 
357, 358, 35 ) 
365, 366, 369 
amps 

amps, Indicator 
aminated Metals 
aminated Plastics 
(see Plastics, Lamit 


ibricants 
ibricating Equi 


ubric itors 


Magnesium Alloy 


Flexibl. Magnetic Material 


Floats ) Magnetic Shielding 


Magnets 
Forgings l Magnet Wire 
Friction Material (, 32 Manifolds, Hydra 
gin ng t . Hi Markers, Wire & Insulat 
' Metal Bonded to Plastic 


Flow Regul 


Metal Bonde ito W 
Metal Fi 
Metal Powder 
Metal, Pre-Finishe 
Meters, ical 
Mi i, Glass bon 1¢ 
Moldings, glas 
(see glass parts) 
plastics 
(see pl istic ps 
powdered metal 
(see powdere 
rubber 
(see rubber { 
Molybdenum Alloys 
Motor Reducers 
248-249 


410-411, 416-417 


rming 


s 


1 


Glass 

Glass, Fabrica j i ) ‘ 

Gl Par R (see also Gear M 

yiass arts 

Gold Allovs Motor Starters 

Grommets 146-1 2 Motors, A-C, fractiona 
Do + ‘ 116-417, 418 
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INDEX OF PRODUCTS ADVERTISED in This Issue (continued) 


De vices, 


16 


Racks 
Ratchets 
Rectifiers 
Regulat rs 
lectric il 


pneun 


juipme 


Reproductio Supplies 


Motor. . 


526, 536, 538 

, 246-247, 331, 515 
526, 528-529, 531 
535, 543, 547, 553 
246-247, 331, 519 
522, 531, 543, 553 
247, 515, 519, 531 
536, 538, 543, 553 
536, 538 


t, 328 


163, 


104-405, 406-407, 448 
50, 


156-457, 464, 
474, 481, 


nt 5, 353, 


+5, 47, 


Resins 135, 136-137, 145, 152 


Resistors 
Retaining Rings. .150, 
Revolving Joints 
(see Joints, 


3340, 460. 4 


Rivets 


Rods 
metallic 
nonmetalli 


Rollers 
Rolls 


Rubber 


Rubber-Bonded-to 


Rubber Coated P 


Rubber Lining 


Rubber Parts 134, 


158, 190, 192, 


Screw Fas 


Screw Machin 


crews 1 430, 
376, 


Screw Thread Inserts 


Sealants 


Seals 128. 
51, 303, 
455. 


543 
Seating, W 
Servomech 
Shapes, Rol 
Shafts 
Sheaves 
Sheet & Strip, 


Sheet Fabricated 


14 


juipm 


296, 358, 361, 


Swing & Swivel) 


Rings 1 8, 


303, 309, 324, 
520-521, 543, 
354-355, 360, 
371, 379, 384, 


146-147, 154, 


324 3 328 


510, 545, 546. 


364, 367, 
378, 380, 


4 54- 


146-1 


299 


$59 


545 


ent 


omponent 


Sheets 
metal steisas ee, 04, 2. 
plastic ..-128, 148, 158, 160, 
324, 
154, 158, 324, 
324, 328, 
155, 324, 


48 4, 


rubber 
Shims 
Silicone Rubber 150, 
Silver Alloys . 83, 356, 
Sleeves, Pliable 
Sli les 
Slides, Rollet 
Slip Rings 

(see Collector Ring 
Sockets, Tubes 
Solenoids : 
Sound-Level Meter 
Sound Analyzer 
spacers 


Special Shapes & Secti 


(Pipe Hangers, Special (€ 
Headed Parts, etc.) 
Specialty Metals 
Speed Detectors 
Spee | Incre users & Reduce s 
227 


232, 234-235, 240 


Spin 


lles 
opinning 
Splines 

Spraying 


oprings 


Testing Machin 
[hermistors 
Chermoc ip 
Thermometers 


Thert Stats 


Thread Rolling 
Timers ‘ 
Timing Motors 
Titanium 
Tools 
ts 

Couplings ) 

Tracing Cloth 


Paper 


Tracing 


Air 
Fabric 


Mills 


ating 

Tube 

80-81, 92-93, 
155. 193 


514 
534, 537, 
550, 551, 
, 514, 516 
539. 550 
245, 405, 
$30, 535. 
550, 551 
136-13 


333, §2 


al 


Mountings 


Hog 


equipment 


$s & rew 


ring Devices 


ring Harnesses 


Sheets 


ted Strips 
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TRADENAMES USED IN ADVERTISEMENTS in This Issue 





The following list of tradenames of manufacturers and products 
or related to the field of product design has been prepared 


from advertisements 


This is not intended as a 


complete directory of tradenames, but is published as a service 
to the reader, for use in locating the manufacturer's name when 


only a purported tradename mentioned in 
obvious reasons have not 
a manufacturer's right to the exclusive 


Me is known. 


attempted to re ad 


advertising in this 


use of any such name. 


[he intention is to list only tradenames 


shown in the advertisements that differ from 


It was deemed unnecessary to include 
of a firm name or forms the initials of it, 
immediately apparent. 
obtained from the advertisements which are indexe 


facturer’s identity is 


on page 16. 


inasmuch 
Addresses can 
i beginning 


the firm name 


a tradename that is part 
as the manu 
he 





AEROPAK Aero Research Instrum 
N 


AGASTAT Elastic Stop 
AIRFLEX The Falk Corporat 
AIR-GRIP Dodge Mfg. Corp 
AIRPURE Flanders Filters, 
ALATHON €. I. du Pont de \ 
ALGCO The Auburn Mfg Co 
ALIRON Metals & Contro 
ALLENPOINT The Allen Mfg 
ALLENUT The Allen Mfg. C 
ALL-MOTOR The Falk ¢ 
ALODINE Amchem Products 
ALUMEL Hoskins Mfg. ¢ 


AMPLI-NYL AMP, Incorporated 


ANACONDA American Bras 


Div 
ANGLGEAR Alrborne A 
ARNOX Arnold Engineering 
BAKELITE Union Carbide 
BALL-LOK Avdel, Inc 
BRAZE Handy & Harman 
BUND-L-TITE Dakota Engines 
CAB-L-TITE Dakota Engineer 
CARMET Allegheny Ludiur 


CERTI-SEAL AMP Incorporated 


CHEVRON Garlock, Inc 
CHOBERT Avdel, Inc. 
CHROMALOX Edwin | 
CHROMEL Hoskins Mfg. ( 
CIRCLE ESS F. W. Stewart 
CLAD-REX Simoniz Co 
CLAMP-LOCK 
COLD-PREST Mueller Brass 
CO-NETIC Magnetic Shield 
COPEL Hoskins Mfg. Co 
COPYFLEX Chas. Bruning C 


COUNT-PAK Veedor-Root, Inc . 
CU-CON Electrolab Printed Cir 


CUNIFE Arnold Engineering C 
CUSTOMEERED Eagle Picher 
CYCLOHM Howard Industrie 


du Pont de Nemours 


Danielson Mfg 
DAYFLEX Dayco Cor 
DAZIC Winterburn 
DECITRON Post 
Co., Inc 
DELRIN E . du Pont A n 
DELROYD De Laval Stear 
DESK-0- MATIC Mayline 
DIALCO Dialight Corp 
DIAMOND Continenta 
DIAMOND H Hart Mfg 
DILECTO Continenta!-Diar 
DOT United-Carr Fastener 
and The Ucinite Div 
DRYSEAL L and L Mfg 
DUAL-LOCK Simmons Fast 
DUFELT The Felters Co 
DURAN CLAD Ma 
DURA SEAL | 
DURATRACE 
DUREZ Hooker 
DYFLON S 
DYLAN 
DYLENE «k 
DYLITE & 
DYNACO Dy 
DYNA-V [ 
EASY-FLO Handy & 
ECON-0-MISER Ww 
ELECTR- 0- SEAL 


ELECTRUNITE Reput 
EMCOR ‘ Product 
ENAMELACE Maas & Wa 
EQUIFLEX TI nite 
FADE- OUT Clearprint Paper 
FATIGUE- PROOF La § 
FIREROD Watlow Electr 
FLEXIDYNE Dodge Mfc 
FLEXLINE Fawick A 
FLO-BALL Hydromatics 
FORMICA American Cyar 
GARRETTIZING Georg: 
GASK-0-SEAL Parker 


rp 

GEARMOTOR Link-Belt 
GORBOND Goshen Rubbe 
GORTITE A & A Mfg 
GRAPHALLOY Graphite 
GRIPCO Grip Nut Co 
GRIPMASTER Gec 
GUIDEROL ™ 
GUSHER The 


HAVEG Taunton Div., Haveg | 


HEALTHWAY Milsco M 
HI-FAX Hercules Powder C 
HINGE-LOCK Simmons F 
HOOK-LOCK Simmons 


Simmons Fastener 


Ruthman Machinery ( 


HUGLOCK Nationa! Mact 
wr DRIVES Rockwe 
Axle Div 
HYDRO- SHEAVE Tw 
HY-ROLL Hyatt Bearir 
HYTRON The Imper E 
HY-VO Morse Chain C 
IMPLEX Rohm & H 
IN-LINE Industr ectr 
IN-LINE Link-Belt Co 
INTERMITTOR Ferg 
IRIDITE Ali 
IRILAC Allied Researct 
ISOBRITE Allied Resear 


ISOLITE United States Rad aye = 


ISOLOY Riverside-A|\oy 
Company, Inc 
JEEP Willys Motors, Ir 
aoe Kennemet 
United States 


KOVAR Metals & 


K-SEAL Harrison Mfg. Co 
KWIK-THERM Cannon £ 
LA-LED La Salle Stee! 
ere Tecumseh Prod 


EADERPOINT The Allen Mfg. | 


LIGHT-MITE Stocker & Yale 


LINEARSYN Sanborn Industria 


LINK-LOCK 
LION South Chester Cory 
LIQUI-COOL Fawick Airfiex 
LOCK-O-SEAL Parker 


LocTtte American 


Simmons Fastener Corr 


LOGANSQUARE Logansport M 


LONG-LOK Parker-Ka 
portation Corp 
LO-TORQ Republic Mfg 


LOYD SCRUGGS Howard Industr 


LUBRITE Merriman Bros. Inc 


ee 


LUCITE E. I. du Pont de Nemours 


LUSTER-ON The Chemica! Cor 
LYSYN Sanborn Co., Industria 
MARSDEN Nationa! Machine 


is 
Div 


Product 


— United States Rubber 


MAY. O-MATIC Mayline 
MECATORN Cc. w. T 
METALACE Maas & Walste 
METAL-CAL C & H ply 
MET-O-SEAL Parker 


Corp 
MINI-JOINTS Falcon C 
MITE George W. Dat 
MONARCH Milsco Mfg 
MONOBALL Southwest 
MORFLEX Morse Chair 
MOTOGEAR  ink-Belt 


MOTOREDUCER The Falk Corporat 


MOX-TAPE Moxness Product 


. du Pont de Nen 


NEG’ATOR Hunter Spring Co 
NEOGLIDE Chas. Bruning Co 
NETIC Magnetic Shield Div., 
NITRALLOY Northern Ordnanc 


ours & 
Inc 


Perfection M 
e, Inc. 


NOPAK Galland-Henning Nopak Div. 


NORPAK Square D Co 


NYAFLEX Dayco Corp., Dayton Dayflex Plastics Co. Div 


OILITE Amplex Div., Chrysler 


Corp 


OIL-MIST Alemite Div., Stewart-Warner Corp 


ORCO Eagle Picher Co., Ohio 
ORTHANE Eagle Picher Co., 
PALMETTO Greene, Tweed & 


Rubber Co. Div 
Ohio Rubber Co. Div. 
Co 


PALNUT United-Carr Fastener Corp., The Palnut Co. 
Div 
PANEL CRAFT Milsco Mfg. Co 


PARAFLEX Dodge Mfg. Corp 
PATCHCORD AMP, Incorporat 
PEMABRAZE Handy & Harma 


ed 
n 


PERMA-CODE W. H. Brady Co 
PERMA FOG Watts Regulator Co 
PERMA-NUT Tubular Rivet & Stud C 


PIONEER Milsco Mfg. Co. 

PLEXIGLAS Rohm & Haas Co 

POLYPENCO The Polymer Cor 

POWERGRIP United States 
Goods Div. 


p. of Penna 
Rubber Co., 


PRE-PRINT Clearprint Paper Co 
PRES-SURE Buchanan Electrical Products 


PRES SURE KOOL Associated 


PRO-FAX Hercules Powder Co., 


PROTOMAKA Electrolab Print 


Engineers, 
Inc 
ed Circults C , 


PROTOWIRING Electrolab Printed Circuits Corp 
PULLMORE Rockford Clutch Div. Borg-Warner 


PUSHNUT United-Carr Fasten 


Div. 
PYRONIL Nationa! Vulcanized 
QUICK-LOCK Simmons Fasten 
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er Corp., The Palnut Co 


Rubber Co. 
er Corp 


RACINE Howard !ndustries, Inc 


prag 


RAWSON Formsp Co 
REEVECOTE Vulcan Rubber Pr 


REVERS-O-MATIC Funk Mfg 
REV-LOCK Formsprag Co 
RIV-O-SEAL Parker Seal 


Corp. 
ROAD KING Milsco Mfg 
ROCKETTE Paragon-Rev 
Inc 
ROKIDE Norton Compan 


ROLLPIN Elastic 
ROTAC Ex-Cell-0 ( 


ducts 


ROTO-LOCK Simmons Fastener 
ROTOTIMER Farmer Electric Pr 


ROUNDLINE Carter Contro 
ROYLAIR Airaterra 

RULON Dixon Corp 
RUMACO The Ruthmar 

Rx MET WaiMet Alloys C 
SCHNORR Kari A Neise 
SCHRADER Scovill Mfg 
ad Heli-Coi) Cor 
SENTRY M Mfg 
SICON Midland Indu 
SIL-FOS Handy & Harma 
SINTEEL Mueller Brass Co 
SLIMSERT Rosan, 
SOUTHCO South Chester 
SPACEMAKER The Tomkir 
SPAN-JET Wm. Steinen Mf 
at ag ealmaster Bea 


SPI IN- "LOCK & 
SPIROID | 
SPIROL V 
SPLIT-FLOW Dy 
SPRING-LOCK 
SQUAIR The Tomk 
SQUARELINE 
STAKTUBE 
STAT-0-SEAL 


STEELFLEX The F 
STEMCO Steve fg 
STOPMASTER Rockwe 
STRATO-THERM AMF 
STREAMLINER 


STRESSPROOF La 
STRIP-0-SEAL 


rp 
SUPER-CISION S 
SUPER HC The 
SYNCHRON Hanser 
SYNCLINAL Marve 
SYNPRO-TEX Torq 
TAN-JET Wm eine 
TAPER-LOCK Dodge 
TEC Handy & Harma 
TEC-Z Handy & Ha 
TENSILOCK Russe Burd 
TERMIN- O-SEAL Parker S 


THERMOMETAL H 
THERMOSWITCH Fenv 
THRIFT KING Mils 
TIMI es ted Stat 


TITAN erro de Pa 
TORQUE-ARM Dodge Mfg 
TRI-SURE Bucha 
TROYFELT 


TRUARC Waldes 
TRUFLEX Me 


TRU- LAY Ame 
Aircraft 
TRU- LOC Ar 
TWO-WAY Ma a 
TYCHOWAY Sc 
TYSON SKF Indust 
UNI-TORQUE Ma 
UTILITUBE A 
UTILITY Milsc 
VARI DRAULIC 
VARY-TALLY 
VEMCO Alvin & 
VENTORQUE F 
VIBRIN t 


VICALLOY Arr 
WAGNER Altied 
WHITE LIGHTS 
WHIZ-LOCK WV 
WILBOW The V 
WOODMASTER 
W-POINT Parke 


portation 
ZYTEL Id 





ALPHABETICAL INDEX TO ADVERTISERS 


= = 
A & A Mfg. Co., Inc. 
AMP, Inc. 
Acme Chain Corp. 
Acme Electric Corp 
Aero Research Instrument Co., In« 
Aeroquip Corp 


Aetna Ball & Roller Bearing Co., Div., 


Parkersburg-Aetna Corp 
Airaterra 
Airborne Accessories Corp.... 
Airmatic Valve, Inc. 
Alden Products Co. —_ 
Allegheny Ludlum Steel Corp 
Allen Mfg. Co...... 


Allied Research Products, Inc.. a a 


Almo Manifold & Tool Co. 
Aluminum Co. of America 
Alvin & Co., Inc 
Amchem Products, Inc., 
Chemicals Div 
American Cast Iron Pipe Co 
American Chain & Cable Co., 
Tru-Loc Assemblies 
American Insulator Corp 
American Sealants Co 
Anaconda Metal Hose Div., 
Brass Co 
Anchor Coupling Co., Inc 
Anker Holth Div., Wellman Engir 
ing Co , 
Arkwright Finishing Co 
Arnold Engineering Co 
Art Wire & Stamping Co 
Associated Engineers, Inx 
Associated Spring Corp 
Auburn Mfg. Co. 
Automatic Electric Sales Corp 
Automatic Switch Co a 
Automotive & Aircraft Div., 
American Chain & Cable ( 
Avdel, Inc 


Amer 


Baldwin-Lima-Hamilton Corp., 


Metalworking 
126-127 


Inc., 


ican 


1¢er- 


Electronics & Instrumentation Div 


Baldwin-Lima-Hamilton Corp., 
Standard Steel Works Div 

Barber-Colman Co. 

Baush Machine Tool Co 

Bearium Metals Corp 

Beaver Precision Products, Inc.. 

Bellofram Corp 


404- _ 


Benton Harbor Engineering Works 


Inc. . 
Bird & Co., Inc., 
Blaw Knox Co 
Bodine Electric Co. 
Borg & Beck Div., Borg-Warner ¢ 
Borg-Warner Corp 
Boston Gear Works 
Brady Co . W.H 
Brevel Products Corp 
Brooks & Perkins, Inx 
Bruning Co., Inc., Charles 
Brush Beryllium Co 
Buchanan Electrical Products 
Corp 


Richard H 


—c— 

& H Supply Co., Metal-Cal Div 

I M Co Inc 
umbridge Wire Cloth Co 
amloc Fastener Corp 
Cannon Electric Co 
Carr Fastener Co., Div. 

of United-Carr Fastener Corp 
Carter Controls, Inc 
Cellusuede Products, Inc 
Chandler Products Corp 
Chassis-Trak, Inc 
Chemical Corp 
Chemiquip Co 
Cherry Electrical Products Corp 


( 
( 
( 
( 


16 


Chicago Lock Co 
Chrysler Corp., Amplex Div 
Circle Seal Products Co., Inc 
Clad-Rex Corp., Div. of Simoniz 
Clearprint Paper Co 
Comar Electric Co. 
Cone-Drive Gears Div., Michigar 
Co , 
ontinental Diamond Fibre ( 
Subs., Budd Co. 
orning Glass Works 
oto ( oil Co a Inc 
ramer Controls Corp 
rane Plastics, In 
rouse-Hinds Co 
rown Gear Div., 
Richardson, Inc. 
urtis Universal Joint (¢ 
utler-Hammer, Inc. . 


oe 

Dahl Co., Inc., George W 

Dakota Engineering, In: 

Danielson Mfg. Co. 

Dayton Dayflex Plastics Co 
Div. of Dayco Corp 

De Laval Steam Turbine ( 

Denison Engineering Div., 
American Brake Shoe ( 

Dialight Corp. 

Dimco-Gray Co 

Dixon Corp. 

Dodge Mfg. Corp... 

Doerr Electric Corp. 

Duff-Norton Co. 

du Pont de Nemours & C (Inc. ) 
E. I., Film Dept 

du Pont de Nemours & Co., (Inc.) 
E. I., Polychemicals Dept 123 

lu Pont de Nemours & Co., (Inc.), 
E. I., Textile Fibers Dept 

Durametallic Corp 

Durant Mfg. Co 

Durez Plastics Div., Hooker Chen 
Corp 

Dynamic Gear Co., Inc 

Dynex, Inc 

Dynisco, Inc. 


Harrington & 


= = 
Eastman Mfg. Co 
Elastic Stop Nut Corp. of 
America ; 
Elco Tool & Screw Corp 
Electrical Industries Div 
Philips Electronics, Inc 
Electro-Flex Heat, Inc 
Electro Switch Corp 
Electrolab Printed Electronics Cort 
Electronic Processes Corp. of 
California .. 
Emcor Ingersoll Products Div 
Borg-Warner Corp 
Engelhard Industries, Inc 
Equitable Engineering Co 
Ex-Cell-O Corp., Rotac Div 
Excelsior Leather Washer Mfg. C 


Fairbanks, Morse & Co 
Magneto & Engine Accesories 
Fairfield Mfg. Co., Inc 
Falcon Div., General Thern 
Corp 
Falk Corp 
Farmer Electric Products Co., 
Faultless Caster Corp 
Fawick Airflex Div. of Fawick 
Corp ‘ 250- 
Federal-Mogul Div., Federal-Mogul- 
Bower Bearings, Inc. 
Felters Co 
Fenwal, Inc 


Ferguson Machine Corp., Subs., 
Universal Match Corp 

Flanders Filters, Inc 

Flexonics Corp., Bellows & Industrial 
Hose Div ° 

Foote Bros. Gear & Machine Corp 

Ford Motor Co., Industrial Engin 
Dept. 

Formica Corp., 
Cyanamid Co 

Formsprag Co 

Funk Mfg. Co. 

Furnas Electric Co 

Fusite Corp 


Subs., American 


ile 
Galland-Henning Mtg. C 
Nopak Div 
Gamble Brothers, Inc 
Garlock, Inc 
Garrett Co., Inc., George K 
Gast Mfg. Cor; 
Gates Rubber ¢ 
Gear Specialties, Inc 
General Aniline & Film Corp 
Ozalid Div 
General Electric Co 
Dept 
General Findings & Supply Co 
Industrial Div 
Gillen Co., John, Subs., Stan 
Gilman, Inc., Russell T 
Gleason Works 
Globe Industries, Inc., 
Goshen Rubber Co., Inc 


Transmissions Inc 


Miniature Lam 


Supermet Div 
Graham 
Graphite Metallizing Corp 
Greene, Tweed & Ce 

Grip Nut C 


Halogen Insu 
Handy & Harm: 
Hansen Mfg. Co., Inc 
Harrington & King 
Inc 
Harrison Mtg Co 
Hart Mfg. Co 
Hassall, Inc., John 
Haveg Industries, In 
Heli-Coil Corp 
Hercules P wader ( Inc Cell 
Products 
xcel Pr 


Taunton 


istries, Inc 
b Harvey, Mac! 
Dept 
Huck Mfg. Ci ° 
Hudson Tool & Die Co., Inc 
Hunter Spring Co 322 
Hyatt Bearings Div., General Motors 
Corp 294 
Hydraulics 
Hydromatics, Inc 
auth 
ial Brass Mfg. Co 
trial Electronic Engineer 
strial Retaining Ring Co 
strial Sapphire Co 


iment Specialties Co., Inc 
Packings Corp 


tiles 


pel 


} 
; 


I 
I 
I 
Ir 
I 
I 


ernati 


Janco Corp 

Jarvis & Jarvis, Inc 
Jergens Tool Specialty Co 
Johnson Bronze Co 


(Continued on page 


487 
308 
230 
196 
378 


266 


‘ 460 


543 
366 
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To get additional information 
on products and services 


offered in this DESIGN DIGEST 


FILL IN YOUR NAME, COMPANY, ADDRESS 
AND MAJOR PRODUCT MANUFACTURED 
ON THIS CARD 


Then | - 


Street 


City Zone State 
Major Product 
Company Manufactured 


45 95 476 519 546 616 640 664 
46 96 477 521 547 617 641 665 
47 97 478 522 548 618 642 666 
48 98 479 523 549 619 643 667 
51 99 480 524 550 620 644 668 
52 481 525 551 621 645 669 
53 482 526 552 622 646 670 
54 483 527 553 623 647 671 
55 484 529 554 624 648 672 
56 485 530 601 625 649 673 
77 486 531 602 626 650 674 
78 487 533 603 627 651 675 
79 488 534 604 628 652 676 
80 489 535 605 629 653 677 
82 |) 166 490 536 606 630 654 678 
83 510 537 607 631 655 679 
84 511 538 608 632 656 680 
85 512 539 609 633 657 681 
87 513 540 610 634 658 682 
89 514 541 611 635 659 683 
90 515 542 612 636 660 684 
91 516 543 613 637 661 685 
92 517 544 614 638 662 686 

518 545 615 639 663 687 


——- — 
WR IT f- I N *MULTIPLE PRODUCT ADS 


i Key No Specific Product 
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CIRCLE 


cey numbers 

vhich are identical 
vith numbers under 
idvertisements 

in which you are 
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at beginning of 
each catalog 

or bulletin 
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Tear off and mail 


j... we'll gladly 
do the rest 














CATALOGS 





THIS PREPAID CARD WILL BRING YOU... 


© ADDITIONAL INFORMATION ON PRODUCTS AND 
SERVICES ADVERTISED IN THIS DIGEST ISSUE 


e COPIES OF CATALOGS AND BULLETINS OFFERED 


Over 200 Advertised Prod- 
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New York, N. Y. 


| TT] [II : ucts and over 1500 manufac- 
i turers’ bulletins and catalogs 
are described in this 9th 


Design Digest Issue. 











To get additional details for 
your immediate needs, or for 
your personal design refer- 
ence file, just follow the 


simple instructions on the 


Ridgefield, Connecticut 


next page. 
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To get additional information 


on products and services 
offered in this DESIGN DIGEST 


FILL IN YOUR NAME, COMPANY, ADDRESS 
AND MAJOR PRODUCT MANUFACTURED 
ON THIS CARD 


please print or type 


Title 


Then 


Street 


Cit Zone State 
Y 

Major Product 
Company Manufactured 











476 519 640 664 
477 521 641 665 
478 522 642 666 
523 643 667 

524 644 668 

525 645 669 

526 646 670 

527 647 671 

529 648 672 

530 649 673 

531 650 674 

533 651 675 

534 652 676 

535 653 677 

536 654 678 

537 655 679 

538 656 680 

539 657 681 

540 658 682 

541 659 683 

542 660 684 

543 661 685 

544 662 686 

663 687 
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wi | 
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at beginning of 
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or bulletin 
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To get additional information 


on products and services 
offered in this DESIGN DIGEST 


FILL IN YOUR NAME, COMPANY, ADDRESS 
AND MAJOR PRODUCT MANUFACTURED 
ON THIS CARD 


Then ! 7 


Street 


please print or type) 


City Zone State 
Major Product 
Company Manufactured 

45 95 546 664 
46 996 547 665 
47 97 548 666 
48 98 549 667 
51 99 550 668 
551 669 
53 552 670 
54 553 671 
55 554 672 
56 601 673 
77 602 674 
78 603 675 
79 604 676 
80 605 677 
82 678 
83 679 
84 680 
85 681 
87 682 
89 683 
90 684 
91 685 
92 686 
687 
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ALPHABETICAL INDEX TO 


Jones & Laughlin Steel Corp., 
Stainless & Strip Div.... 
Joyce Cridland Co 


— 

Kaiser Aluminum & Chemical Sales, 

Inc. eat 
Kaupp & Sons, C. B..... ; 
Kennametal, Inc., Metalworking Div.. 
Keystone Carbon Co. 
Keystone Mfg. Co. 
Kirk & Blum Mfg. Co 
Kohler Co., Engine Div 
Koppers Co., Inc., Plastics Div 
Kurz-Kasch, Inc. mi 

willie 

L & L Mfg. Co 
LaSalle Steel Co 
Leach & Garner Co., Industrial Div 
Leiman Brothers, Inc 
Lenz Co. 
Lewis Co., G. B 
Lignum-Vitae Products Corp 
Link-Belt Co 
Lock Thread Corp. 
Logansport Machine Co., Inc 
Lowell Wrench Co. 
Lucas-Milhaupt Engineering Co. 
Lundey Associates 


—_M— 
McGill Mfg. Co., Inc. 
M-D Blowers, Inc., Subs. of 
Goss-Dexter, Inc. 
Maas & Waldstein Co 
MacLean-Fogg Lock Nut Co 
Madison-Kipp Corp 
Malleable Castings Council 
Marsh Instrument Co., Div. of 
Colorado Oil & Gas Corp 
Marvel Engineering Co 
Masland Duraleather Co., 
Mayline Co., Inc 
Mercury Clutch Div., 
Products, Inc 
Merriman Brothers, Inc 
Merritnan Brothers, Inc., 
Metal Div 
Michigan Tool Co., 


534, 536, 


400 


Miehle- 


The 
Automatic Steel 


Lubrite Div 
Powdered 


Cone-Drive Gears 


. 132- 


ADVERTISERS (Continued from page 16) 


Div. 260-2 


Michigan Wire Cloth Co 
Micro Switch, a Div. of Minneapolis- 
Honeywell Regulator Co 
Midland Industrial Finishes Co 
Midwest Rubber Co 
Miller Electric Co. 
Miller Fluid Power 
Reedy Corp 
Milsco Mfg. Co 
Milwaukee Cylinder Co., Div 
L & M Machine Co 
Molded Fiber Glass Co 
Molon Motor & Coil (¢ rp 
Moore, Inc., George W 
Morse Chain Co., A 
Industry 
Moxness Products, Inc 
Mueller Brass Co 


<item 
National Band & Tag Co 
National Machine Products Co 
National-Standard Co. 
National Vulcanized Fibre Co 
Neise, Inc., Karl A. ° 
New Departure Div., General Motors 
ae ae 
New Hampshire Ball Bearings, Inc 
Nicholson & Co., W. H 
Northern Ordnance, Inc., 
Northern Pump Co. 
Norton Co., Refractories Div 
Nylomatic Corp. 
iin 
Ohio Nut & Bolt Co. 
Ohio Rubber Co 


Div., Flick 


Borg-Warner 


Subs. of 


150 


378 
151 


Omark Industries, Inc... 
Orange Roller Bearing Co., Inc 


~ eS 

Palnut Co., Div., United-Carr Fastener 
Corp. .. 

Paragon-Revolute Div 
Bruning Co., Inc 

Parker-Kalon Div., General 
Transportation Corp 

Parker Seal Co., Div., Parker-Hannifin 
Corp. ‘ 

Pathon Mfg. Co. 

Penn Engineering & Mfg. Corp. 

Perfection Mica Co., Magnetic 
i ee 

Pittsburgh Steel Co 

Plan Hold Corp. 

Pollak Corp., Joseph 

Polo Plastics Co. 

Polymer Corp. of Pennsylvania 

Post Electronic Products Div., 
Brothers Co., Inc 

Potter & Brumfield, Inc., Div., 
American Machine & Foundry Co 

Precision Extrusions, Inc 

Precision Rubber Products Corp 

Presin Co. i“ 


of Charles 


American 


Shield 


Re id 


alien, 
Rampe Mfg. Co. 
RapiDesign, Inc. 
Relay Sales, Inc 
Reliance Electric & Engineer 
Republic Mfg. Co 
Republic Steel Corp 
Reuland Electric Co 
Reynolds Metals Co 
Products Div. 
Riverside-Alloy Metal Div 
Porter Co., Inc 
Rivett Lathe & Grinder, Inc 
Robbins & Myers, In 109, 423 
Rockford Clutch Div., Borg-Warner 
Corp. 
Rockwell-Standard Corp., 
Rockwell-Standard Corp 
& Axle Div 
Rogan Brothers 
Rohm & Haas Co 
Roper Hydraulics, In 
Rosan, Inc ° 
Russell, Burdsall & Ward Bolt & Nut 
Co 
Ruthman 


Industrial 


Div 


[Transmission 


Brake 


Machinery 


- = 

SKI Ind strie In 

Saginaw Steering Gear Din 
Motors Corp 

Sanborn Co 

Sandusky Foundry & Machine 

Schrader’s Son, A., Div., Scovil 
Co., Inc 

Scott, Inc., H. H 

Scully-Jones & Co 

Sier-Bath Gear & Pump Co 
Gear Div. 

Simmons Fastener Corp 

Sinko Mfg. & Tool Co 

Soss Mfg Co. 

South Chester Corp., Southco Div 

Southwest Products C: 

Speed Selector, Inx 

Spiroid Div., Illinois Tool Works 

Sprague Engineering Corp 

Square D Co.. 

Stacor Equipment Co 52. 

Standard Electrical Tool Co., Precision 
Spindle Div 

Standard Steel Works Div., 
Lima-Hamilton Corp 

Statham Instruments, Inc 

Steinen Mfg. Co., William 

Stephens-Adamson Mfg. Co., 
Bearings & Rod Ends Div 


Baldwin 


Spherco 
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359 
13 


U5 
544 
457 


178 


92-93 


56 
474 
160 
148 


483 


354- 


106-4 


Stevens Mtg. Co., In 

Steward Mtg. Co., D. M 

Stewart Corp., F. W 

Stewart-Warner Corp., Alemite 

Stocker & Yale, Inc. 

Stokes Molded Products Co 

Stoner Rubber Co., Inc 

Strataflo Products, Inc 

Sundstrand Hydraulics Div., Sund 
strand Corp. 

Sunset Line & Twine Co 

Superior Carbon Products, In 

Synthane Corp. 


Div.. 


nin 

TA Mfg. Corp 
Tecumseh Products Co., Engine Div 
Texas Instruments Incorporated Metals 

& Controls Division 
Titan Metal Mfg. Co 
Toledo Commutator C 
Temkins-Johnson Co. 
Torngren Co., Inc., C. W 
Torq Engineered Products, In 
Torrington Mfg. Co 
Triangle Mfg. Co 

Trombetta Solenoid Corp 
Troy Blanket Mills 
lru-Seal Div., Flick-Reedy Corp 
Tubular Rivet & Stud Co 
Tuthill Pump Co 
Twin Disc Clutch Co 


ale 

Ucinite ¢ United-Car 
Corp 

Ulanet Co., George 

Union Carbide Corp 
Plastics Co Div 

United Electric Controls ¢ 

U. S. Radium Corp 

U. S. Rubber Co., 
Div — 

U.S Rubber Co., Na igatu 
Div. 


Universal 


Div., 


Mechank 
A Chemi 
Electric ( 


ites 
V. & E. Mfg. Co 
Veeder-Root, Inc 
Vellumoid Co 
Vulcan Rubber Products 
Bros., Inc 


Div., Reeves 


ails 
Wabash Metal Products ¢ 
Wagner Electric Corp 
WaiMet Alloys Co 
Waldes Kohinoor, Inc 
Walker Co., George 
Warner Automotive Div., B 
Corp. . me 
Warrick Co., Charles | 
Watlow Electric Mfg. C 
Watts Regulator Co. : 
Waukesha Foundry Co., Foundry Div. 
Webster Electric Co., Oil Hydraulics 
eS “winwals bie 
Western Felt Works 
White Dental Mfg. Co 
Industrial Div. 
Whitney Chain Co., Subs. of 
Bros. Gear & Machine Corp 
Wiegand Co., Edwin I 
Williams-Bowman Rubber ( 
Willys Motors, Inc., Industrial Engine 
Dept. ae 
Winsmith, Inc. 
Wisconsin Motor Corp 
Winterburn Mfg. Co 
Wolverine Tube Div., 
Hecla, Inc. 
Worcester Valve Co 


a, 


rg-Warner 


Foote 


Calun 


Zero Mfg. Co 





WHAT 
WOULD HAPPEN 
IF ALL 
ADVERTISING 
STOPPED? 


Stores would begin cancelling orders. Very quickly, manu- 
facturers would close down plants and lay off millions of 

employees. Volume production would be a thing of the past 
..and so, prices would rise fast. 


Within a week most radio and television stations would 
close up shop for lack of revenue. The ability of many news- 
papers and magazines to perform their full, vital functions 
would be seriously impaired. And the cost per copy would 
zoom for those that tried to keep running only on circula- 


lion revenues. 


This alternative to advertising can hardly be the goal of 
the critics of advertising. Without advertising our national 
economy, our national /ife, would be bleak indeed. In many 
ways, advertising is the power plant of our society. 


MORE CUSTOMERS FOR MORE PRODUCTS — American cre- 
ative genius and wonderful ability for organization have 
resulted in a tremendous flow of goods of all kinds. This 
creates a crucial need for masses of people anxious, willing 
and able to buy and consume these goods. Only a society 
with a constantly rising standard of living can provide the 
customers. These customers have to be sought, taught and 
often persuaded to move higher in the scale of living. This 
is the job of advertising. 


Advertising not only gives people news about new prod- 
ucts, but provides the urge for people to own and enjoy these 
products. The wider and deeper the penetration of our prod- 
ucts into the life of America, the greater the need for more 
production. This means more jobs. More jobs mean more 
people able to enjoy what we make. More people buying 
means more, still more production. And so on and so on. 
[he result is that more Americans can enjoy more of the 
fruits of their labor than people in any country anywhere 
in the world can enjoy theirs. 


ADVERTISING LOWERS PRICES — Does advertising raise the 
cost of goods? On the contrary. Through newspapers, tele- 
vision, magazines, radio and billboards, an advertiser can 
talk to a prospect for a tiny fraction of a cent. Advertising 
is the quickest and cheapest way of reaching large numbers 
of people. It enables the advertiser to reach his market (cus- 
tomers) inexpensively and thus increase his total production, 
thereby reducing the cost of making and selling each unit. 


THE CULTURAL EFFECTS OF ADVERTISING — It’s because of 
advertising that our mass media of communication can 
afford to command the finest talent for bringing to the 


American people information, stimulation, entertainment 
and education which in other countries are available to just 
a very few people. 

Advertising makes its cultural contribution in another 
way. Advertising is in large measure responsible for bette! 
living, less drudgery, more leisure for more people. This 
creates opportunities for intellectual and spiritual activities 
equaled in few, if any, other countries. While millions and 
millions of dollars are being spent by Americans for cars, 
boats, sports equipment and the paraphernalia of leisure, 
there is a growing hunger for improvement of the mind and 
for aesthetic enjoyment. 


WHAT ARE THE “NEEDS” OF THE PEOPLE? — Critics of ad- 
vertising sometimes indict it for creating dissatisfaction in 
people’s minds with what they have, and persuading and 
cajoling them into buying what they neither need nor want. 
But what are “needs?” The “needs” of people in undeveloped 
countries are not the same as our needs. Our needs of 50 
years ago are not the same as they are today. We don’t actu 
ally “need” electric razors, electric refrigerators, vacuum 
cleaners, television sets, shampoos, beauty treatments, pack 
aged goods, or even automobiles. But would the critics of 
advertising stop encouraging people to want a better life? 
Would they have the millions of people who create, produce, 
and market the so-called “non-essentials” thrown out of 
jobs? Do they want us to go back to the more primitive liv- 
ing of other countries? 


ADVERTISING — PUBLIC SERVANT — Frequently, the adver 
tising industry is called on to direct public-service jobs — for 
the Government as well as for private public-service organi- 
zations. This it does through the Advertising Council, a non 
profit organization supported by American business and 
advertising media. Here’s what President Eisenhower said 
to the Advertising Council in Washington several months 
ago: 

“For eighteen years you have been stimulating the nation’s 
conscience in areas where the voluntary work of great num 
bers of people has been necessary in order to promote worth 
while causes. I know you have been in such fields as conser 
vation, organized charities, safety, prevention of accidents 
and more recently in giving your efforts to the job of point- 
ing out to our people the need for self-discipline if we are 
to avoid debasement of our currency and prevent inflation 


“And I think no other body has done more in this regard 
in trying to inform America across the board of these things 
than The Advertising Council.” 


Prepared in the interest of wider understanding of advertising with the assistance of the Bureau of Advertising, ANPA 
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Design Abstracts 


Copying Methods for the Engineering Office 


Ten Commandments for Design Reliability 


by B. Bradford Richardson 


Noisy Sound 
by Myron M. Kawa, Jr. 


Tabulated: Test-chamber Refrigerants 


by Dale J. Missimer 


Basic Information on Air Filtration 


When Plastics Burn What Are the Hazards from Toxic Fumes? 


by E. H. Coleman 
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OE Ts TS IRE 


DESI! 


Pasa ree 


ENGINEERING IN THE 
EVOLUTION OF 
PRODUCTS 


Analysis of the effects of vesting 
various sections of a manufacturing 
organization with responsibility for 
the initiation and development of new 
products is made and reasons for plac- 
ing it in the hands of the research and 
engineering groups are given. Work 
ing relationships between research, 


engineering and industrial design 


personnel are also discussed A 


standard procedure for product devel 
opment is outlined, based on _ the 
author's suggestions for centralizing 


mtrol in research and engineering. 


W E Mahaffey, Whirlpool Corp 
Presented at Conference on The Evolution of 
Products, Oct 26-29, 1958, sponsored by Center 
for Design Studies, Div of Institute for Con- 
temporary Art, 230 The Fenway, Boston 15. 


Engineering,’ 


* 


Design Piracy 


Supposed advantages of 
other 


aside from moral questions) are dis 


pirac Vy; 


dangers, and considerations 


cussed. 


“Design Piracy—Unethical or Foolish?” James 
Warren, Industrial Design Professor, National 
College of Arts, Lahore, Pakistan. Design En- 
gineering, Nov ‘59, 481 University Ave, 
Toronto 2, Ont 


* 


Which Secrets Should Be Kept? 


Here are four positive reasons for 
being less reticent in matters of inter- 
est to the technical press: 

A feature article in a leading bu 
ness publication enhances the stature 
of the individual who wrote it; a com 
pany mention in the by-line or bod; 
of an article helps to establish it as 
1 source of sound technical data; as- 
suming that secrets indeed are hard 
to keep, why not take the credit for 
being the first to figure things out? 
If you wait until the competition gets 
your know-how, you may be sur 
that they will rove more alcrt to its 
publicity potential, and will exploit 
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a te ee 


it to the fullest; a company that con 
sistently appears in the business press 
with new ideas, new developments, or 
new methods comes to the attention 
of engineers who depend on these 
publications to keep them up-to-date 
with the latest state of the art. 


“I've Got A “Secret” ” L R Grief, Grief Asso- 
ciates, Inc. Plastics Technology, Oct 1959, 630 
Third Ave, New York 17. 


* 


Criteria for Reliability 


Design criteria for reliability dis 
cussed in this paper include concepts 
of environments, strengths, strength- 
environment separation factors, al 
location of unreliability values to ele 
ments of a system. Possible design 
procedures which result from three 
different types of testing are discussed 
Various criteria concepts and tech 
niques for evaluating reliability are 
demonstrated with an example based 


on a mechanical element 
“Reliability Design Criteria,” Brown, Leve and 


White, Hughes Aircraft Co; SAE paper I0I1V, 
SAE, 485 Lexington Ave, New York 17 


* 


British Technical Sources Listed 


\ quick reference guide to the main 
sources of information useful to the 
designer has been specially compiled 
It is presented in five pages, alpha 
tabulated 


betically arranged and 


“Where to Find Technical Information,” En 
gineering Materials and Design, March 1960, 


Drury House, Russell St, London, WC 2 


England 


Biomagnetics 


Proposals that space vehicles be 
propelled by means of ion accelerators 
fusion reactors, photon motor, and 
other teratogenic devices often involve 
the potential use of strong magnetic 
fields. Experimental evidence sug- 
gests that magnetic fields produce a 
variety of effects upon living matter; 
however, these facts are not well 


crs | 


ad al allie | 


publicized. In this paper some of the 
findings of published studies are sum 
marized with the intent of stimulat 
ing interest in the domain of bio- 
magnetics, and the need for caution 
is pointed out when humans are sub- 
jected to the influence of powerful 
magnetic fields. 

“Biomagnetics,” Harold S. Alexander, Human 
Factors Engineering Missile Division, North 
American Aviation, Inc. Proceedings of the 
Institute of Environmental Sciences, Box 191, 
Mt Prospect, lil. 


* 


Wear Behavior 


Discusses possibility of establishing 
suitable values for the comprehending 
and expressing of values for effects of 
wear on various types of parts and 
materials subjected to abrasive and 
similar conditions. Data are drawn 
from earlier work on a variety of prod 
ucts, including automobile tires, steel 
wheels, tools. 

Basic Questions of Wear”, Wilhelm Spath 
Verein Deutscher Ingenievre, No. 199, West 
Germany. Order translation from SLA Transla 


tion Center, John Crerar Library, 86 E Ran 
dolph St, Chicago 1. 


* 


Testing of Fiber Properties 


Some of the techniques for testing 
such mechanical properties of both 
natural and synthetic fibers as load to 
rupture, deformation, repeated stress, 
ibrasion resistance. Some curves are 
included that are typical of results 
ybtained in the testing procedures 
discussed 


Mechanical Properties of Textile Materials,” 
E. J. Stavrakas, Fabric Research Laboratories 
Inc. Mechanical Engineering, March ‘60, 29 
W 39 St, New York 18. 


* 


Engineering Management 


Discusses the peripheral problems, 
responsibilities and techniques that 
the manager of engineering must un- 
derstand, beyond the knowledge and 
training immediately associated with 
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technological work programs. Among 
the fields which may touch upon the 
engineering administrator's work are: 
sociology, public administration, po- 
litical science, psychology, law, eco- 
nomics, accounting, physiology and 
biology. A listing of specific work 
functions and their relationship to 
the management of engineers is 
included. 


“Peripheral Professional Problems of Engi- 
neering Management,” C. F. Savage, General 
Electric Co. Electrical Engineering, Dee ‘59, 
33 West 39th St, New York 18. 


*% 


System Analysis 


Discusses systems and systems ana 
lysis from three standpoints: historical 
(from Newton and Laplace to the 
present), philosophical 
parallel between learning process and 


describes 


the systems viewpoint) and practical 
(specific 
presented) 


examples of systems arc 


“Constructs, Models and Systems,” Quacken- 
boss and Butterworth, General Motors Corp 
SAE paper 113C. SAE, 485 Lexington Ave, 
New York 17 


* 


Style Manual for 
Technical Reports 


Contents, organization and_proc¢ 
dure for issuing company-wide guid 
for preparation of technical reports are 
Which types of stvle de 
should be 


discussed 
cisions compulsory and 
which left to the individual author’s 
decision or personal writing stvle ar 


ilso included 


“Building An Organization Style Manual for 
Technical Reports,” Ethaline Cortelyou, Aero 
jet-General Corp. Presented at American Chem 
ical Society Div of Chemical Literature Meet 
ing, Sept 13-18. ACS, 1155-16 St, NW, 
Washington 6, DC 


* 


Why Should Engineers Vote? 
How and why engineers should ap 

ply the engineering approach to po- 

litical and civic affairs in their individ 


GENERAL ENGINEERING 


ual communities. Specific suggestions 
as to the forms participation by engi 
neers might take are given. 

“Why Should Engineers Vote?”, J W Barker, 


Research Corp. Mechanical Engineering, Aug 
1959, 29 W 39 St, New York 18. 


* 


Do Standards Stifle Creativity? 


In this discussion of the interrela- 
tionship among engineering creativity 
and standardization of procedures, 
components and other design factors, 
various authorities are cited and theit 
findings and opinions evaluated. In a 
listing at the end of the article, the 
principal characteristics of the engi 
neering work involved in various activ 
ities (such as applied research, R & D 
for a specific product, quantity pro 
duction) are presented. 
“Standardization and Creativity,” Rowen Gile, 


W L Maxon Corp. Magazine of Standards, 
March ‘60, 10 E 40 St, New York 16 


* 


Multivariable Experimentation 


As an aid to studies of complex 

systems, a non-technical description 
is given of some of the statistical de 
sign techniques that have been devel 
yped during the last 15 years. Dis 
cusses selection of the variables in a 
given experiment, together with meth 
ods of determining the best experi 
mental techniques Bibliography 
included. 
Multivariable Experimentation,” W. J. You 
den, National Bureau of Standards; SAE 
Paper 116A. SAE, 485 Lexington Ave, New 
York 17. 


* 


Industrial Communications 


Management is responsible for set 
ting objectives and for seeing that 
thev are carried out. Successful man 
igers are able to communicate effec- 
tively. Using a man-machine analogy, 
the author shows how successful com- 
munications (input) can lead _ to 
greater emplovee response (output) 
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Improved 
morale result. 
There are 10 sound rules that lead 


productivity and _ bette: 


to improved communications. The 
objective of these rules is to mak 
people comply. The rules are sum 


marized. 


Industrial Communication . . . An Engineer 
ing Approach,” James H. Green, Purdue Uni- 
versity, Lafayette, Ind. Tool Engineer, March 
‘60, 10700 Puritan Avenue, Detroit 38. 


* 


Administering R & D 


Methods for improving resul 


' 
tained from research and development 


programs are discussed. Includes such 


ispects as planning, operations, meas 
urement and analysis of progress budg 
eting and finances 

The Administration of Research and De- 
velopment Projects,” Howard L. Mills, General 
Electric Co; ASME paper 59-A-246. ASME, 
29 W 39th St, New York 18 


* 


Testing Materials at Low 
Temperatures 
Techniques developed for evaluat 
ing the mechanical properties of mat« 
rials at temperatures between $23 
ind —452 F are described. Included 
ire hardness, impact, tensile, fatigue, 
torsion tests and strain measurement, 
ducted both in liquid hvdrogen 
nd cold helium gas. 
Notes on Mechanical Testing Techniques at 
Very Low Temperatures.” Defense Metals In 


formation Center Memorandum 43. Battelle 
Memorial Institute, Columbus 1, Ohio 


eo 


Physiological Responses to 
Mental Tasks 


This is a report of a 
variations in several tvp 
ical responses to a systematic pr 
of mental tasks of varying difficult 


“Effects of Mental-task Difficulty on Physioloa 
ical Response,” Glassner and Peters, Engi 
neering paper 848. Douglas Aircroft Co, El 
Segundo, Calif 
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COPYING METHODS 
FOR THE ENGINEERING OFFICE 


Tabulated facts about 6 systems that will help you find the right 


answer when choosing 


« 
c 


among the many methods now available. 


COPYING-MACHINE METHODS, 


REQUIREMENTS AND 





Method 


Speed 


Max copy size 
(approx) 





Translucent original, sensitized copying paper. 
Ammonia vapor or liquid developer. 








2. BLUEPRINTING 


(Also Brownprinting) 


Translucent original, sensitized copying paper. 
Developing fiuid followed by water wash. 





3. PHOTOCOPYING 


(Also Known as “dif- 
fusion Transfer" Proc- 


ess) 


4. DYE TRANSFER 


5. HEAT TRANSFER 


Reflex principle: Original face to face with 
negative sheet, light-colored areas on original 
reflect light back to negative. After exposure 
this negative placed face to face with positive 
paper and exposed in printer. Developed 
positive copy is peeled from negative. 


Similar to photocopying except image “trans- 
fers” to plain bond paper, which is then peeled 
from negative. 


Heat-sensitive copy-paper placed coating-side- 
up on original. Dark areas on original reflect 
infrared light which, in turn, converts coating on 
copy paper into dark areas thus producing 
positive copy. 





6. ELECTROSTATIC 


Xerography: “Negative” is an_ electrically 
charged, selenium coated plote. Image of 
original material is projected through lens onto 
metal plate. Charge is discharged where light 
hits so when opposite-polarity ink or powder 
is cascaded over plate still-charged character- 
image on plate attracts ink. This negative 
image is then transferred to plain bond or sul- 
phite paper and made permanent by exposure 
to heat. 

Electrofax: Same as above but coated paper 
used instead of metal plate. This paper be- 
comes the copy. 





Usable copy is delivered after 10 or 
more secs. 


10 to 
(Drying after washing may increase 
time considerably for usable copy.) 


120 secs or more exposure. 


Approx. 20 secs per copy, 7 secs for 
one-step machines. 


From 30 to 60 secs for first copy; 2 to 
3 secs for additional copies, up to 5 or 
6, then new negative must be made. 


Approx. 5 secs. 


6 copies per min for the 9 in. x 14 in. 
copy-size machine; 20 ft per min by 
11 in.- and 24 in.- wide for continvous- 
copy machines. The 24-in. machine 
requires micro-film as original copy; 
the 11-in. machine takes original copy 
up to 11 in. wide. 








continuous if 


54 


required. 


in. width; length 


Same as for diazo. Developing and 
washing can be done automatically. 


Some up to 18 in. wide, any length. 


Up to 10 in. x 18 in. 


Generally 82 in. x 11 in.; 18 in. x 24 
in. when original is microfilm. 


Flat-plate machine can reduce 36 in. 

x 24 in. drawing to 11 in. x 17 in. copy. 
Can enlarge to this size also. Setup ts 
similar to conventional photography 
except special sensitized plate 
processed differently. 


is 
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vey engineer has to decide from time to time what 
the best method is for copying drawings or other com- 
munications material. Layouts and detail drawings are no 
longer the sole products of his work that need copving; 
copies of mathematical analyses, test results, rough design- 
sketches, etc., are often needed to speed communication. 


The most efficient and economic way is not always the 


fastest or the cheapest. 


The following table of copying methods will help steer 
a way through to the right choice 
Spirit duplicating, photography, photo-offset and letter- 


press printing methods have not been covered since they 


are generally well known. 


MICROFILM COPYING 


Copies up to 18 in. by 24 in. direct from microfilm can 
be produced by some machines. This is a comparatively 


RESULTS 


microfilm originals. 
equipment with which to obtain the microfilm copy of the 
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This, 


original drawings. 


recent development and should certainly be considered in 
any Office planning. The machines use the same basic 
methods as those described in the table but thev require 


of will entail extra 


course, 





Acknowledgement for much of the material appearing h 


re 


is made to: Charles Bruning Co, Inc, Copease Corporation, 
Verifax Div of Eastman Kodak, Thermo-Fax Div of Min 


nesota 


Zerox Co 


Mining & Manufacturing Co, and 


the Haloid 








Copy cost 
(for 82 in. x 11 in. copies) 


Most Suitable Original 


Appearance 


Number of Copies 





Approx. Ic per letter size 
copy. (Material cost only.) 


Same as for Diazo 


From 3 to 10 cents per copy. 
Median seems to be about 
8 cents. 


First copy 10 cents, addi- 
tional copies to 5 or 6 about 
Ya cent each for material. 


Just over 5 cents each. 


Line drawings, sketches, on 
one of translucent 
material, half-tone neg's 
(with special paper). 


side 


Some as for diazo except 
not suitable for half-tones. 


Positive: Black or colored 
line on white or tinted stock. 


Negative—white line on 
blue or brown background. 





Any original with good 
contrast, Can produce copy 
on both sides of print if 
desired 


Good to excellent for line 
copy; halftone, fair. 





Same as for photocopying. 


Any material written or 
printed with a carbon or 
metallic base material. 
(Preferably on one side 
only when original is trans- 
lucent). 


For line work and type: 
First copy often quite as 
good as photo-copying. 
Halftones: Lack detail. Qual- 
ity falls off fast after 4 or 5 
copies have been taken off 
negative. 


Copy moterial is flimsy, 


almost translucent paper 
with pinkish or white back- 
ground, or can be bond-type 
paper. 








Average when rented 5c! 
per copy (based on 10,000 
copies per month). When 
owned, approx. Ic pe rcopy 
for materials. 





Same as for photocopying. 





Similar to photocopy. 
Xerography reproduces on 
bond poper and similar 
materials. 





Unlimited—translucent posi- 
tives (intermediates) can be 
made to speed up produc- 
tion. 


Unlimited, 


Depends only on resistance 
to handling of original 
material. 


inexperienced operator—4 
or 5, expert—10 to 12 for 
each negative. 


No limit—one per copy- 
poper. 


No limit. 





Fast, inexpensive copying of all kinds. 
Limited only by quality of original 
translucent sheet. Basic for drafting 
offices. 

Very low-cost per copy. Equipment 
widely available. 


“On-the-spot,” high-quality copying 
of all kinds of artwork. Flat-bed 
machine can copy pages from bound 
book. in some machines developing 
solutions must be removed at end of 
day. May require more subdued 
light than usual. 


Can reproduce copy onto both sides 
of ordinary bond paper or regular 
office forms. Subdued light desirable. 
Flat-bed copiers availabe. 


Copies remain sensitive to heat, can 
become blackened if kept hot 
place, e.g. in sunlight. Paper that 
does not sensitive now 
available. 


in 


remain is 


Also using Electrofax principle is o 
recently introduced, special machine 
for making up to 18 in. x 24 
positive enlargements of microfilm. 
Cost of this and similar-duty high- 
speed, continuous copying machines 
that will also copy bound book pages 
is high—range: $10,000 to $55,000. 
Under development is one to enable 
remote material to be copied by 
closed-circuit tv setup. 


in. 
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From: SAE Paper 


TEN COMMANDMENTS FOR DESIGN 


Mechanical simplicity, avoidance of redundant parts, 
liberal performance margins, adequate checking and 
inspection, etc. make up a 10-point checklist for 
product engineers. 


B. BRADFORD RICHARDSON 
Design Specialist 

Fluid Systems, Norair Div, 
Northrop Corp 


Oo: vital importance in aircraft and missiles, design re- 
liability is also an ever-present aim in all product design. 
These ““Ten Commandments” should be referred to from 
time to time during all phases of design—and even during 
the maintenance period. 


1. Provide for absolute mechanical simplicity. 

Every element of the system which is not “absolutely re- 
liable,” should be challenged in an effort to: Eliminate it, 
simplify it or otherwise improve its reliability. The com- 
ponents that cannot be eliminated should be studied in 
every detail for simplicity and maximum reliability. As a 
rule of thumb, absolute reliability may be taken to be an 
average of less than one failure in 10,000 parts—even if the 
part will be called upon to operate only once in service. 


2. There shall be no component in the system which by 
any stretch of the imagination or ingenuity can be avoided. 
A relentless challenge of each component must be to make 
sure that it cannot be eliminated by an acceptable change 
in system configurations or an acceptable change in speci- 
fied functional requirements or design conditions. Re- 
peatedly challenge each component throughout the pro- 
gram to see if a situation change or an inventive thought 
can make it possible to remove it. When requirements 
are added to the system, and it must perform this way and 
that, then take this golden opportunity for re-examination, 
rearrangement, elimination, etc., don’t let it just grow. The 
only sure way to make a functional piece of equipment 
absolutely reliable is to remove it from the system. 


3. Simple mechanisms are more reliable than complex 
ones. 

The ultimate is no moving parts. Challenge every moving 
part and every separate part to prove that it cannot be 
eliminated, simplified, or improved. As the saying goes, “If 
it moves kill it.” Avoid delicate hardware. Avoid flow pas- 
sages small enough to clog with contaminants which may 
sometimes be present. Close clearance sliding fits are 
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generally to be avoided. Guides of all types, lengths, 
sizes and shapes, must be carefully designed and tested 
when used in a component. Materials, lubrication, storage 
life etc., must be studied in detail. 


4. Functional equipment which is already in quantity 
production is more reliable than equipment developed and 
built especially for the system. 

This is proving true especially for missile ground-support 
equipment where costs have been cut considerably. Why 
use them? Because they have been proven, the bugs have 
been worked out and they have been tested, both in the 
laboratory and in service. Recently the armed services, 
were requested to make a study to. see if they could 
find a new method of proving reliability without the in- 
creased costs of additional life testing. They reported 
they could find no new method. An efficient packaging 
of components, of which there is a trend today will result 
in a possible elimination of moving parts and surely less 
plumbing or wiring, thus eliminating potential points of 
leakage or power losses. 


5. The system shall be designed to have liberal perform- 
ance margins rather than to be just adequate. 

The performance margins shall be judiciously distributed 
among related functions to avoid a relatively weak link. 
The system analysis shall show the distribution of margin 
among related functions. For example: Design vital springs 
for 20% of normal design stress for the material. Also 
avoid difficult-to-accomplish physical functions, such as 
low-volume leakage. 


6. The equipment design specification shall specify the 
type of system the part is to be used for, and that reliability 
is the major design requirement. 

It shall establish detail requirements to project our relia- 
bility philosophy into the design of the component. The 
liberal performance margins provided by the system design 
shall not be wasted by allowing loose performance require- 
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ments in the equipment design specifications—in other 
words, allow no weak links in an otherwise strong chain. 

Under “notes,” in the detail component specification, 
the following should be included, “after successfully pass- 
ing all qualification tests, approval of a submitted part 
constitutes authority for the vendor to proceed with the 
manufacture of additional duplicate parts. If any devia- 
tions or substitutions of design, methods, materials or di- 
mensions are made after approval, immediate notification 
and/or written consent of the Engineering Department 
shall be required.” 


7. The system shall provide for checking every vital func- 
tion of every component by the System Inspection Test 
after assembly is complete. 

It must be possible to inspect every locking device as in- 
stalled. Design so that physical interference prevents mis 
assembly or misinstallation which is not readily obvious. 


8. Provide for absolute minimum vital-complex func- 
tions. 

By “vital functions” is meant functions which must take 
place in order for the mission to be completed. By “com 
plex functions” is meant operations of complex mecha 
nisms such as: Electrically actuated valves that require 
signals, external electrical circuits, and electrical reactions 
such as mechanical mechanisms that involve more than a 
few maximum-teliability parts working together. 


g Provide for absolute minimum vital human functions. 
By “vital human functions” is meant function which must 
be performed by either aircraft and missile flight or ground 
personnel, which requires any degree of human judgment 
or memory, and which must be accomplished properly to 
complete the mission. “Absolute minimum” in this case 
not only means the fewest number but also the simplest, 
least likely to be done improperly, functions. The need 
for this objective is based on the relatively high probability 
that any human function, no matter how simple on paper, 
will sometime or other be done wrong or omitted. 


10. Levels of reliability which have been accepted as 
inevitable for manned equipment are generally inadequate 
for automatic or remotely controlled equipment. 

A new set of relative values must be developed, whicrein 
reliability stands higher with respect to design time, com 
ponent cost, weight, fabrication ease, and testing cost. 


Application 


To apply these “commandments” to a problem you will 
have not only to understand the specific requirements and 
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operating conditions but also a depth of understanding 
surrounding the problem. Reaching the design absolutes is 
somewhat the same as working through an extremely intri- 
cate maze through which there may or may not be a 
passage. The only way to get through is to try every turn. 
Che depth of understanding is necessary to recognize every 
possible turn. 

Another aspect of understanding is to know the full 
scope of the problem. For example: Recognizing from the 
outset that provisions for testing and handling are part of 
the basic system problem rather than requirements to be 
tacked on by compromise after a system which will work 
well has been worked out. This, of course, applies espe- 
cially to aircraft and missi‘es. 


FUNDAMENTAL PROBLEM 


Another important concept is to keep objectives for im- 
provement in mind throughout the project. This empha- 
sizes the fact that systems generally are not as static and 
committed at an early stage as they may appear. It often 
pays to have in mind at all times every feature of the sys 
tem that it is desirable to eliminate or change and the 
current reasons which are preventing the improvement. 
As circumstances change with time, an opportunity may 
arise that will make incorporation of the improvement fea- 
sible if the designer is ready to move. 

There is one fundamental problem, which always comes 
up in deciding what refinements in detail design are worth 
doing for the sake of reliability. The problem is funda- 
mental because when you are trying to improve an already 
good design, you are evaluating chances in the range of | 
in 500 to 1 in 10,000 and the human mind is not capable 
of differentiating such orders of magnitude. 

rhe policy which should be applied to meet this situa 
tion is to determine whether the change under considera 
tion is plus or minus in terms of reliability. And then if 
it be plus, no matter how insignificant in appearance, 
make the change unless the costs are obviously out of line. 

A persistent attack toward simplicity provides a bonus 
in addition to reliability—almost invariably a simple, reliable 
device is less costly to buy and maintain. The overall 
result of this approach generally is economy in dollars and 
the advantages of reliability are free. Never forget, how 
ever, that every step toward greater simplicity of design 
represents a great deal of engineering time and ingenuity 


REFERENCI 

Design tor Reliability by B. Bradford Richardson, Design Special- 
ist, Fluid Systems, Norair Div, Northrop Corp. Presented at 
SAE National Aeronautic Meeting, Los Angeles, California 
Paper No. 101U. 
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From: Conference Paper 


SOUND LEVELS of various environments 

decibels. A ‘‘feel’’ for quantitative sound pres- 
sure levels is important in assessing subjective 
reaction to noise. The tolerance thresholds 
are upper limits; actually persons become an- 
noyed with sounds of a much lower level tha 


the extremes shown 


Sonic boom 


Threshold of pain 


Boiler factory 
Subway passing 
Riveting machine, 35 ft 


Average automobile 
Department store, noisy office 


Minimum street noise 


Very soft music 


Rustling leaves 


-Threshold of hearing 


Noise reduction is important in product engineering at both 


the design stage and the operation of the finished product. 


Here is a brief rundown on... 


MYRON M. KAWA, JR. 
Helicopter Project Engineer 
Bell Helicopter Corp 

Ft. Worth, Texas 


Ni oise. by definition, is an unwanted, objectionable sound 
that may interfere with speech communication on the job, 
or in leisure activities. Noise control is, therefore, a matter 
of considerable importance in products that operate at high 
sound levels. Not only is individual sales resistance to a 
noisy product involved, but community relations and 
employee efficiency must also be considered 

The most common method of sound level measure 
ment is of over-all sound pressure level measured in 
decibles. This is a convenient way of obtaining relative 
comparisons especially for objects in motion. 


PROPERTIES OF NOISE 


I'he amount of sound that can be tolerated by the 
iverage person is dependent upon several factors. First 
among these are: Over-all noise level; frequency spectrum; 
duration; acoustical absorption or reflection; distance from 
the source of sound; and ambient sound level of the area 
under observation. Combinations of the individual prop- 
erties of sound need to be studied before something can be 
labeled objectionable or noisy. 

An average size truck starting up from a traffic light, 
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fol example, iverages ipproximately 10 db in over-all 
noise level without attracting much attention from a 
person standing at a busy street intersection. However 
in emergency vehicle with its siren operating ind gene! 
iting the same sound energy (90 db) at the listener, can 
be several blocks away and still demand a_ pedestrian’ 
ittention. It was designed to do so. The higher frequency, 
in cycles per second, is the attracting factor. 

his is just one of the everyday experiences that indi 
cate that over-all noise levels in themselves are not suf 
ficient as an indication of the annoying effect of nois« 
I'he frequency distribution of the noise is important in 
this regard for people are less disturbed by low frequen 
than by high frequency nois« 

Duration of a sound is a factor that can have 
turbing effect on people. Passing vehicles, such a 
trucks, trains, or buses, can increase the noise level f 
1 short period of time without having any marked effect 
upon the observer. If the sound is prolonged at the 
higher level, however, it may become irritating. The pass 
ing of a long freight train is an example of how the length 


of sound duration adversely affects a person. 
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FREQUENCY AND INTENSITY ranges plotted in terms of speech 
levels and other thresholds show how intensity and freqeuncy must 


both be taken into account when assessing human reaction to noise 


MAXIMUM PERMITTED SOUND levels as fixed by certain municipal! 


governments for district zoning ordinances 


SOUND 


The uncertain location of a noise may provoke in human 
beings, feelings of curiosity ind even of insecurity 
which may interfere with other occupations and prove 
annoying. Example: the motorist who while driving his 
still relatively new car discovers a rattle. Although the 
noise level of the rattle itself is generally low, it can be 
disconcerting. An example: the novelty of the “blade 
slap” and “swish” of a helicopter. Although the actual 
sound level at only a few hundred feet might be as low as 
80 db it attracts attention. Once the novelty has worn 
off the noise would no longer attract attention 

Another feature of noise which is very commonly found 
to be relative to its annoyance is the degree of variability 
in the noise itself. A sound which is modulated in in- 
tensity or frequency is sometimes found to be much more 
innoying than steady sounds. There is also some evidence 
that persons do not become accustomed to such noise as 
quickly as they do to steady ones. Example: aircraft noise 
in residential areas, where aircraft pass over only periodi- 
cally. This occasional exposure can be more annoying 
than a continuous exposure to noise of the same level. 
here is strong evidence that complaints of aircraft noise 
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ire less frequent in neighborhoods that have a high perma 
nent notse level. 

The annoyance produced by a sound can be balanced 
by compensating advantages. Conversely, it seems that a 
sound which has no good reason for its existence is likely 
to produce severe complaints. A recent survey conducted 
in England showed that of those who notice the sound of 
delivery trucks in their homes, only 10% are troubled 
by the noise; of those who hear noises made by neighbors’ 
pets, nearly 40% are troubled. 

It is extremely difficult to place a quantitative value on 
the point where a sound becomes a noise. Persons react 
in various ways to noise stimuli, therefore, an evaluation 
of noise becomes strictly a statistical analysis of human 
response to noise. 


REFERENCE: 

Psychology of Sound and the Helicopter by Myron M. Kawa, Ji 
Helicopter Project Engineer, Bell Helicopter Corp, Ft Worth, 
Texas. Presented at The Conference on Planning and Design 
ing of Urban Helicopter Facilities, Sept 21 "59, Los Angeles 
California 
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TABULATED: Test-chamber Refrigerants 


Dry ice, liquid CO., liquid nitrogen; and mechanical refrigeration compared. 


Solid ind liquid-state gases are expendable when used to cool test chambers. Mechan- 
ical refrigeration requires a permanent set-up. One of the main advantages of expendable 
materials is that temporary test structures are easily made—large test objects may be 
too big for the mechanical test-chamber available. The table compares expendable and 


mechanical refrigerant methods. 


REFERENCI 
Expendable vs Mechanical—A Comparison by Dale J. Missimer, Vice President, Mis- 


simers Incorporated 


Published in Environmental Quarterly, Oct 1959, p 17 


DALE J MISSIMER 
Vice President 
Missimers Incorporated 
Glendale, Cal 





Dry Ice 
(Expendable) 


Liquid CO: 
(300 PSIG — 0° F) 
(Expendoble) 


Liquid Nitrogen 
(Expendable) 


Mechanical 
Refrigeration 
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DISADVANTAGES 





Lowest cost expendable coolant 
Easily used for achieving —90 ° F quickly 
Direct application gives inert atmosphere 


Low capital investment 


Low service and maintenance costs 


Little power and no water or other utilities | 


Fairly easy to contro! if used with secondary | 


refrigerant 


Wide temperature ranges are possible 
not limited to upper temperature of 400 
to 500° F as is mechanical refrigerant 


Low capita! cost 


Easily controlied for temperature and 


copacity 
No storage losses 


Little power required for operation, no 
water or other utilities 


Low handling costs 

Direct injection gives inert atmosphere 
Low maintenance ond service costs 
Easy to achieve —90° F quickly 


No limitations of upper temperatures for 


chamber 


Quickly tokes up cooling load 


increases 


large 


Easily used for direct or indirect cooling 
system, with Nz or air atmosphere 


Easily used at one atmospheric pressure 
for liquid- vapor-phase refrigeration 
no solid phase problems 
Chamber free of frost and nside 
when direct iniection used 


snow 


Easily produces temperatures to 


and from room 


300 


Temperature 
ambient to 


capacity 
F easily controlled 


Atmosphere con be inert if desired 


No limitations for 
chamber 


upper temperature 


Low capital cost 

Low power requirements 
Low maintenance costs 

Can easily take up large kc 


ncreases 


Non-toxic 


Low operating costs 
Low handling costs 


Easily controlied for both temperature and 
copacity 

Only electrical required for air 
cooled systems 


power 
Not dependent upon supply of motericls 
which are not always convenient to obtain 
No storage losses 

Can produce lower temperatures thon COs 
expended 


No ventilation required for 


vapors 
Atmosphere is air 


Easily used for altitude test chambers with 
out necessity of secondary refrigerant 


Suitable for humidity contro! systems 


Usually most economical down to 40° F 
depending on usage 


Good heat transfer characteristics 


| Not hazardous to operating personnel 








Relatively high handling costs 


More difficult to control temperature than 
liquid expendable refrigerants, for direct 
application 


| Direct application results in snow in cham- 


ber, and atmosphere is not air 


Must have ventilation or provide for 


| exhausting COs vapors 


Higher losses in storage 
Difficult to control capacity automatically 
with changes in loads, even with indirect 


system 


Lowest practical temperature is —90° to 


100 
Relatively poor heat transfer choracteristics 


Not very economical down to 30° or 
— 40 


Slightly toxic 


Capita: investment higher if used with 
secondary refrigerant 





Relatively high operating costs 


For direct injection, snow may be objec- 
tionable 


Atmosphere not air 
Ventilation required for larger flow rates 


Expansion devices subject to plugging 


For direct injection, sublimation takes place | 


at only one low temperature (approx 
109.4° F), making control at moderate 
temperatures more difficult 


Requires storage receiver floor space 


Not particularly economical down to — 30° 
to 40° F 
Lowes? practical temperature is 90° to 


-100° F 


Triple point of —69.9° F presents maior 
problem because can't be used as liquid- 


vapor-phase refrigerant at near atmos- | 


pheric pressure 


Slightly toxic 


| Storage and/or availability con present 


problems 


Relatively high operating cost, unless there 
is large monthly usage 


Hazardous if spilled on human beings 


Ventilation may be required when large 


amounts ore used 


Generally not economical for cooling at 
temperatures above —100° F 

Heat transfer at high temperature-differ- 
entials is poor 


Control methods or devices slightly more 
complex and expensive than for liquid COs 


Storage costs generally higher thon for 
liquid COs or dry ice 


Higher capital costs 

More floor space required 

Higher maintenance costs 

More skilled personnel required for service 
Slower cooling rates, generally 


Water for cooling generally required for 
larger systems 


Practical upper temperature limit of 400 
to 500° F for chomber without specia| tem- 
perature isolation provisions 


“Inerting” requires separate source of vapor 


More electrical power required 


Not economical for infrequent low tempero 


| ture tests of short duration 


Defrosting of heat exchanger surface con 
be oa problem 
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basic information on... 


AIR FILTRATION 


Data on particle sizes of airborne contaminants, types of filtration 


equipment, and 5 standard test-methods. 


Ai: filtration is necessary for protecting small, precision 
equipment as well as for such industrial applications as 
recovering dust caused by buffing and polishing gold and 
platinum jewelry; preventing escape of radioactive and 
other materials hazardous to life; keeping sterile air clean 
for antibiotic drug manufacture. 

The design engineer called upon to choose a filtering 
system is confronted with a subject about which there 
exists much confusion. Unfortunately, the purchase and 
installation of equipment of unsuitable character can be 
costly as it may not produce the sought-for results and 
will most certainly be more expensive to maintain. In 
extreme cases, the entire installation may have to be 
replaced with loss of the original investment. For this 
reason, basic information on air cleaning in general and 
air filtration in particular is important. A proper choice 
of air-cleaning equipment depends largely on these three 
factors: The character and amount of dust and dirt in 
the air to be cleaned; percentage removal desired, or eco 
nomically feasible; and service life or 
servicing cycle of the equipment. 

These factors apply equally for venti 
lation, process- and exhaust-air clean 


o 
ing. 


many industries. At times, two different filtration system 
may be necessary; one to clean up air contaminated by the 
process and another to remove atmospheric dust. 

In office buildings it may be assumed that the recircu 
lated air contains approximately the same contaminants 
as the intake air. In hospitals and many types of labora 
tories, however, bacteria or dangerous chemicals may enter 
the room air during normal activities and these must be 
removed prior to recirculation, if recirculation, with its sav- 
ings in winter and summer, is to become possible. 


DETERMINATION OF PARTICLE SIZE AND WEIGHT 


The weight of dust in an air or gas stream can be deter 
mined in a number of ways. Usually the most satisfactory 
method is to draw of or 
through a sampling filter capable of retaining all the dust. 
Total volume sampled may range from a few cubic feet 
to many hundreds of cubic feet of air depending upon 
dust loading and sensitivity of the analytical technique. 


a measured volume air gas 


Microns 





When the requirements for clean 
air are exacting, all factors should be 
evaluated carefully and air sampling 
may be advisable to measure particle 
size and dust loading. This is particu 
larly important when completely dust- 
free process-air is required or when 
exhaust air contains dust of an 
jurious nature. 


TYPES OF CONTAMINANTS 


Particle sizes of common airborne 
contaminants are shown in Fig. 1. The 
preparation of dust-free process-air is 
made difficult at times because th« 
sources of contamination can be two 


in- 
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fold: Dust produced by the process 
itself, and dust normally present in 
the atmosphere. Atmospheric dust : 
varies greatly in size. Fig. illus 
trates dust loadings characteristic of 
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1.—SIZES OF AIRBORNE CONTAMINANTS. 


microns dia, to cover an %-in.-dia area. 


It would take 
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radioactive elements 








2-—DUST LOADINGS 


TYPES OF FILTRATION EQUIPMENT 
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TABLE i—Dust-collector Selection 





Grains 
per 
cu. ft. 
of air 


0.0001 
to 0.001 


0.001 
to 0.01 








0.1-1.0 Microns 


Absolute filters 


Deep beds of small- 
dia fibers 
Low-voltage 2-stage 
electrostatic precipi- 
tator 


Disintegrator 
High-voltage elec- 
trostatic precipita- 
tor 


Disintegrator 
High-voltage elec- 
trostatic precipita- 
tor 

Industrial-cloth 
collector 
Industrial-cloth 
collector 
High-voltage elec- 
trostatic precipita- 
tor 





Particle Size 


1-10 Microns 


Deep beds of 
small-dio fibers 
Deep beds of 
small-dia fibers 
Low-voltage 2- 
stage electrostatic 
precipitator 
High-voltage elec- 
trostatic precipita- 
tor 


Industrial-cloth 
collector 


Industrial-cloth 
collector 
Mechanical cen- 
trifugal collector 
Small-dia multi- 
cyclone 





10-100 Microns 
Deep beds of 
large-dia fibers 


Wet fiber washer 


Deep beds of 
large-dia fibers 


Wet fiber washer 
Spray washer 


Wet fiber washer 
Spray washer 


Small-dia multi- 
cyclones 

Spray washer 
Large-dia cyclone 
Inertial baffle- 
chamber 
Gravity-settling 
chomber 








are ineffective for finer particles. For example, dirt appear 
ing around air-supply gmills and diffusers is an indication 
of incomplete air cleaning. On the other hand, many 
filters capable of removing fine particulate material must 
be preceded by less efficient filters to remove the bulk 
of coarse dust in order to extend the service life of the 
final, more efficient, unit. 

Table I indicates the effective particle size and dust 
loading range of many commonly-used dust collectors. 
rhe categories are by ne means rigid, since dust-collector 
selection is based on consideration of service life, reliability 
and maintenance costs as well as on the factors indicated. 


CLASSIFICATION OF AIR FILTERS 


Air filters can be divided into three groups: 

INDUSTRIAL FILTERS handle high dust loadings 
at low air flow rates and are usually equipped with self- 
cleaning mechanisms. Woven fabrics of natural and syn- 
thetic fibers and wool felt are the most common filter 
Dust or fume loadings may be as high as 10 
grains of solids per cubic foot of air. 


materials. 
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3.—IMPACTION AND DIFFUSION methods trap 
dust by utilizing the fact that particles (A) resist 
change of direction because of their inertia, and 
continue in their original path, or (B) extremely 
small particles behave as true gases and diffuse 
throughout the filter always tending to achieve 
uniform distribution. 


VENTILATION FILTERS handle low dust loadings 
at high velocities. 
any size or panels of approximately 24 in. x 24 in. face 
area and 2 to 6 in. depth of the “throw-away” or manu- 
ally cleanable type. Filtration velocities of 400 to 500 
fpm are not uncommon. Filter 
beds of mineral or vegetable fibers, crimped wire mesh 
or twisted metal tapes. 
ally coated with a sticky oil to prevent loss of collected 
dust and fibers. 
fraction of air-borne dust and lint and 
more than 10 to 20% of atmospheric dust except in areas 


These may be self-cleaning units of 


media include porous 


Dust catching elements are usu 


These filters are effective for the coarsest 
seldom remove 
of concentrated heavy industry. 

HIGH EFFICIENCY FILTERS ha.adle low dust load 
ings at low filtration rates and certain types are valued 
for their ability to remove the very smallest dust particles 
from air and gas streams at high efficiency. Filter papers 
of various compositions are in widespread use for these 
especially exacting filtration requirements. Woven fabrics 
or felt filter cloths are occasionally substituted for paper 
because the cloth 
returned to service, but filters in this category are gener 
ally discarded and replaced when their service life is 
High efficiency filters have found extensive 


surfaces may be vacuum-cleaned and 


exhausted. 
application for removal of toxic agents from stack dis 
chargers and for supply of dust-free and bacteria-free air 
to critical production or laboratory areas. 
the extremely high dust retention characteristics of cet 


Because of 


tain of these filter papers composed of glass, ceramic or 
cellulose-asbestos fibers, they 
“absolute” filters. Filtration velocities range from 5 fpm 
upward but seldom exceed 20 fpm. High airflow capacity 


have been characterized as 


is achieved by extensive pleating of filter medium 


FILTRATION THEORY 


An air stream is broken up into many smaller streams 
as it traverses the narrow, tortuous passages within a por 
ous filter bed and entrained dust particles are brought into 
close proximity to the filter elements. Filtration takes 
place when a dust particle in the air contacts a filter fiber 
and sticks to it. All filters remove particles very much 
smaller than the smallest pores or openings so that removal 
of particles by “straining” is not a major consideration. 

If particles were removed by straining, all pores would 
soon become completely clogged by one or more particles 
and airflow would cease. Instead, particle deposition 
takes place throughout the depth of the filter and, ideally, 
a dense, high resistance dust layer does not build up on the 
filter surface. 

Deposition of particles on filter fibers occurs in several 
ways. It is believed that electrostatic attraction between 
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TABLE !i—Comparison of Test Methods for Determining Filter Efficiency 





Method of 
evaluating inlet 
dust loading 


Test Dust 


Method of 
evaluating outlet 
dust loading 


Class of filters 
for which test 

method is most 
applicable 


Method of 
evaluating filter 
effic'y. 





Pre-weighed charge of 
dust fed to test filter 


Synthetic dust composed of 
50% lamp black and 50% 
ash from Pocahontas coal 
passing 200 mesh sieve 


Air is sampled and 
weight increase of 
sample filter measured 


Viscous-coated impingement- 
type ventilation air filters 


Percent retention by 
weight 





Atmospheric dust Staining or discoloration 


of a white filter paper 





Same as when using 
atmospheric dust 


Synthetic dust composed of 
96% Cottrell precipitated 
pulverized coal fly ash and 
4% lamp black. Cotton 
linters may be introduced 
from a separate feed 
nozzle 











Alr is sampled and 
weight increase of 
ple filter measured 


Arizona Standard Road 
Dust—fine, separated into 
5 fractions taining par- 
ticles between 0-5, 5—10, 
10-20, 20-40, and 40-80 
microns 


Fractional 
Efficiency 
Method 








Same as for ASHVE test 


Synthetic dust composed of 
72% Arizona Standard 
Road Dust—fine, 25% 

K-1 carbon black, 3% No. 7 
cotton linters 





Electronic measurement 
of amount of light scat- 
tered by DOP 


Droplets of dioctyl-phtha- 
late; uniformly 0.3 micron 
in size 














Same as inlet 


Same as when using 
atmospheric dust 


Same as inlet dust 
loading 


All of cleaned air passed 
through a pre-weighed 
filter capable of retain- 
ing dust penetrating 
filter undergoing test 


Same as inlet loading 


Electrostatic precipitators and 
fibrous air filters capable of 
effecting substantial reduc- 
tion In staining properties of 
ventilation air 


Percent reduction in 
discoloration properties 





Same as for ASHVE test 
method. in addition may be 
used as an accelerated test of 
air cleaners for which atmos- 
pheric dust is a suitable test 
dust 


Same as when using 
atmospheric dust 





Same as for ASHVE test 
method. Smallest size frac- 
tion may have application 
to tests on filters capable of 
removing staining fraction of 
atmospheric dust 
Same as for ASHVE test 
method 


Percent retention by 
weight for each size 
fract.on 


Percent retention by 
weight 


Absolute-type filters and those 
possessing similar filtration 
characteristics 


Percent by number of 
droplets penetrating 
filter 














particle and filter may be of importance in some cases. 

Direct interception also plays a part in filtration; in 
effect, a particle literally bumps into a fiber directly in its 
path. This filtration action, like straining and electrostatic 
charge, it is believed to be of minor importance in the 
majority of cases and most dust separation takes place by 
impaction and by diffusion (Fig. 3). 

Calculations indicate a particle diameter of 0.3 microns 
as likely to be the most difficult to filter and this size 
smoke particle has been selected by the Army Chemical 
Center as the standard test material for their service gas- 
mask (DOP test). 

Small diameter fibers are usually associated with high 
filtration resistance so that filtration efficiency is correlated 
roughly with filter resistance. Thus, ventilation filters, 
composed of large diameter fibers, operate at airflow re 
sistances less than 0.25 in. of water (in spite of filtration 
velocities of 400 to 500 fpm), while highest efficiency 
filters have initial resistance approaching 1.0 in. of water 
at airflow velocities no greater than 6 fpm. 


RATING FILTER PERFORMANCE 


Dust Arrestance—Contrary to popular belief, all air filters 
except those specifically designed to trap only the coarsest 
of airborne particles increase in collection efficiency with 
use and are at the peak of their dust arrestance when they 
are ready for cleaning or replacement. Therefore, it is 
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necessary to distinguish between initial (clean filter) efh- 
ciency and “average” efficiency over the entire life of the 
filter. The latter value reflects the natural increase in ar- 
restance which occurs while the filter ages and for some 
filters the average efficiency will be considerably higher 
than initial efficiency. Filter efficiency is usually expressed 
as the percentage of dust reaching the filter that is retained. 


Airflow Resistance—Filter resistance is the force opposing 
airflow and is expressed in terms of the height of a column 
of water exerting an equivalent pressure. This convention 
arises from the universal practice of measuring filter re- 
sistance with the aid of a liquid-filled U-tube manometer 
by noting the linear displacement of the liquid level in 
the two legs. Filter resistance is of importance as it is a 
direct measure of the power required to draw air through 
it and accurately reflects one item of filter operating cost. 


Service Life—Filters must be replaced or renewed when 
their resistance increase exceeds the capabilities of the 
system air blower. Service life of identical filters will 
vary according to the quantity and nature of the collected 
dust as well as the volume-static pressure characteristics 
of the air blower. If the dust loading to the filter doubles, 
service life will decrease by one half, all other factors re- 
maining the same. Large particles generally cause less 
filter resistance than an equal weight of smaller particles 
deposited on or in the filter. 
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FILTER TESTING 


In 1951 at least one filter manufacturer proposed a modi 
fied American Society of Heating and Ventilating Engi 
neers (ASHVE) test in which a series of test dusts of 
narrow particle size range are used for filter evaluation 
Another group of approximately a dozen filter manufactur 
ers, acting together as the American Filter Institute (AFT) 
proposed a different modification of the ASHVE test and 
have submitted it to the U. S. Dept. of Commerce for 
acceptance as a voluntary trade standard 

During World War II the Army Chemical Corps en 
gaged in extensive research and development activities 
directed toward improving smoke filters for use in service 
gas masks. Since gas-mask filters must possess filtration 
efficiencies far greater than those required of supply ait 
cleaners, the ASHVE and NBS tests were totally inade 
quate as they lacked the ability to discriminate between 
smoke filters of varying capability. Therefore, the Chem- 
ical Corps adopted the DOP test which is based on the 
use of a dioctylphthalate test smoke of extremely small 
size, and optical evaluation of the smoke fraction penetrat 
ing the filter. Many other test methods and test aerosols 
have been used for experimental studies of filter perform- 
ance but most commercial filters are rated by one or more 


of the above test methods 


1. ASHVE Test 


For this test a filter is 
pacity and a known weight of a prepared dust is injected 


operated at its rated airflow ca 


into the air supply to the filte 

lhe principal objections to the ASHVE test are 

1. Since the test dust dispersal mechanism does not 
break up the lamp black fraction into unitary particles 
ind the coal ash contains many large particles in any cas¢ 
even the poorest air filters receive high dust retention 
ratings by this test 

2. The test dust is not adequately specified so that users 
may be assured of starting with the same particle size con- 
tent. In addition, the dust dispersal mechanism has not 
been sufficiently well defined. Consequently, it has been 
difficult to duplicate test results in other laboratories. 

3. Dust is injected at a single point upstream of the 
filter and good dust distribution across the entire face 
of the filter is not always obtained 

4. Poor dust distribution can exist ahead of the test 
filter, considerable difficulty may be experienced in ob- 
taining a truly representative sample on the clear air side 
of the test filter. 


2. NBS Discoloration Test 


The purpose of this test is to measure the reduction in 
soiling properties of ventilation air on the assumption 
that this is one of the major objectives of supply air clean 
ing. Samples of cleaned and uncleaned air are drawn 
through white paper filters simultaneously and the sam- 
pling rate of the cleaned air adjusted until the two white 
sampling filters discolor at the same rate. Discoloration 
of the test filter papers is measured with a photocell. 

[he principal objection to the NBS discoloration test 
(using outdoor air as the test aerosol) is that atmospheric 
dust varies in size, loading and composition depending on 
location (rural, urban and industrial atmospheres), season 
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and weather (dry, windy weather produces large quantities 
of coarse air borne dust whereas practically all dust dis 
appears following a rain or snow storm) 


3. Fractional-efficiency Test 


This test follows the procedures of the ASHVE method 
quite closely except for the test dust Che test dust 
composed of 50% Arizona road dust and 50 lam] 
black. The unknown filter is tested successively with each 
of the dust-fraction sizes and the test data plotted to 
vield a smooth curve showing filter efficiency (expresse: 
is the % by wt. retained) for each particle size in th 
range 0-50 microns 

Procedure-wise, improvements to the ASHVE test in 
clude injecting the test dust at 4 points in the duct cros 
section (instead of a single dust feed point) and an im 
proved dust dispersion mechanism 

Objections have been raised that the dust 


separation 


} 


techniques do not yield fractions sufficiently uniform in 


size to make the results obtained by this method 


reliable. 


4. AFI Test Code 


The AFI test is closely similar to the ASHVE. test 
procedure but seeks to improve it by specifying 1 
test dust available from a commercial 


the dust dispersal mechanism and operat 


closely regulated so that although there is no assurance 
the bulk powders are completely dispersed, it 
that there is at least good r producibility of the 


acteristics of the aerosol that is produced 


5. DOP Test 


As practiced by the Army Chemical Corps, a homog« 
neous dioctylphthalate fog is generated by mixing ai 
containing DOP vapor at 170°C and clean air at 25°C 
in a volume ratio of 1:4. The concentration is adjusted 
to about 40 grains per thousand cubic feet and particle 
size to about 0.3 microns. Space filters are usually tested 
at 5 fpm and air sampling filters at 28 fpm air velocity 
Particle size and smoke concentrations upstream and down 
stream of the test filter are determined to a very high 
degree of accuracy by optical methods utilizing a relative 
amount of light scattered by the smoke particles Che 
DOP test is reserved for evaluating the most efficient 
filters (often called absolute filters) and others of some 
what lesser capabilities 

All the test methods yield comparative results onl; 
which may or may not be an accurate reflection of results 


obtainable in practice. The tests are useful as an index 
of performance and can be valuable for comparing one 
filter with another under identical conditions. The wide 
range of air contaminants encountered in practice and the 
varied requirements of users make the application of a 
single universal filter test impractical. However, among 
the several tests that are available, it is usualh 

to select one which most closely duplicates th 


under which the filter must operate 


REFERENCI 


Filtration Handbook, 
head, N. Y. 
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From: Plastics 


WHEN PLASTICS BURN... 


What are the hazards from toxic fumes? 


E. H. COLEMAN, Senior Experimental Officer, 


Department of Scientific and Industrial Research 


England 


frequently expressed that 

resins and plastic materials 

involved in fires will vield combustion 

products that are more toxic than 

those usually occurring in fires invol 

ing materials such as wood or tradi 
tional textiles. 

It was 


proved, that hydrogen cyanide would 


claimed, although later d 


be a major hazard if melamine resins 
nvolved in fires. Particular con 
been felt, however, about 
t contain halogens, 
which when py: 


halogen, hydrogen 
ind possibly carbonyl] halides 
phosgene and it has b 


+} 


ld 
these gases would 


present in sufficient concentration 
constitute the major toxic hazard. R 
sults from many sources of investiga 


} 


tions of various combustion produ 
ire ummarized in | ible | 

(he combustion products a 
erally well-known gases that ha 
been studied by toxicologists 
tunately, however, there are 
the knowledge of both the 
combined gases, and of br 
ures to high concentrations 

l'able II gives a summary 
fects of some gases common] 
countered in fires. Since oxvg 
iency also occurs, the eff 
condition have been incl 


III. 


l 


COMBUSTION PRODUCTS 


It is necessary t 


tween pyrolysis products” 

would be produced by heat in the 
sence of air, and the “combustion 
products” which would appear if the 


materials were involved in a fire with 
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Reviewed are published results of work on this problem. 


Analyses of decomposition products of 18 materials are also 


presented. 


suppl 

products 
rials include water 
icids and flammablk 
combustion produ 
cipally water vapor 
carbon monoxide 

[his review is concet 

bustion products since it 
which are more likely to 


tered in fires. 


BASIC FACTS 


rtain facts 
e evident. Since hi la 
ellulosic or other carbonaceous mate- 
rial, carbon dioxide and carbon mon- 
xide will always be present, and at 


+ 


tage there will be a deficiency 


gases that could 


ine g 

xvgen. The toxi 
be present will depend upon the ma- 
terial involved, thus nitrogenous ma 
terials such as wool, silk and certain 
resins mav evolve hydrogen cvanide 
ind ammonia; nitrous fumes may be 
present if celluloid is involved ind 
produce hy 


I 
doubtful 


lrogen chloride, but it is ver 
if carbonyl chloride would be present 
| 


chlorinated plastics will 


in hazardous concentration 

Fluorine compounds such as Teflon 
vould be expected to behave similarly 
to chlorinated plastics but the com- 
pounds have a greater stability, and 
therefore, in addition to hydrofluoric 
icid, there could be present also gase- 
us fluorocarbon compounds his 
would be most likely to occur with 
the lower temperature conditions early 
in the fire 

I'he proportions of the gases will 
iry with the prevailing conditions 
In dwellings the combustibles will be 


mainlv cellulosic and the major haz- 


will be carbon monoxid 
oxygen deficiency. In this conne 
the effects of a combination of 
ditions such as carbon monoxide 
rbon dioxide, or may be with 
deficiency, could well be wors 


With 


where plastics ar 


purely additive 


l 
in 
5 I 


larc ' 
ited, large stora 


ind in these instances 


than carbon monoxide ma‘ 
pl duct 
h] price ind 


ignificant, although 


rritating a 
dangerous leve 
of the 
$; are incombu 
will be heated to destru 
combustibles in the building 
gases w#l then approxima 
ymong which 


] 
ding 1\ 


products, 


be dense smoke. This exce¢ 


ous production of dense black 


1] 


occurs in all fires involving chlorinated 


compounds such as polyvinyl chloride 
or chlorinated rubber plastics, and 
with fire-extinguishing agent 
trachlo 


ents such as carbon t 


CONCLUSIONS 


llv, in the majority of fires, 
in dwellings or industrial 


yremises, the principal toxic combus 


] 
I 
tion produ t would be carbon monox 


ide, and although other mor 
gases might also be present th 

ume of carbon monoxide would be so 
much the greater that it would con 
stitute the 


the gases evolved are irritants and this, 


major hazard. Many of 
combined with the copious moke 
emission, which would be the position 
if large 
volved, would compel the us¢ 


imounts of plastics were in 
if self- 


PRODUCT ENGINEERING — Design Digest Issue 





GENERAL ENGINEERING 


TABLE | DECOMPOSITION PRODUCTS OF PLASTICS 





Analyses (per cent volume) 


Method 
Material of 
Testing Carbon Carbon Chio- Hydrogen Carbonyl! Hydrogen Hydrogen Nitrous 
Oxygen Dioxide Monoxide rine Chieride Chloride Cyanide Ammonia Suiphide Fumes as 
° co co ci HCI coci HCN NH HLS NO 


Melamine Heated in a cur Not onoalysec 
poper 20 rent of air and 
products possed 
over rots in 
cages 


it burned in 
110 cw. ft. air 
Insulation on cable 6 
n flask 
Heated in silica- 6 
tube with 


ent of oir 


Chiorincted meth 
xcryiote resin 
27% chlorine 

Poyviny 

Polyviny 

fabric 


Plywox 


Plywood P 
and flame-re 
tardont point 
Plywood with 
polyester resin 
and flame-re 
tordant paint 
P.V.C coating only 
Vinylidene 
ating only 
Foamed 
polyvinyl 
chloride 
Foomed 
acrylonitrile 
Phenolic resir 
with fillers 
Melamine resir 


with fillers 





THE PHYSIOLOGICAL EFFECTS OF GASES OCCURRING IN FIRES TABLE Ili THE EFFECTS OF OXYGEN DEFICIENCY 


Concentration (parts per million) 


Hydro- Cer- WHydro- Hydro- Hydro- 
gen bony! gen gen gen Nitrous 
Chio- Chie- Fivo- Cyo- Ammonia Sul- Fumes 
ride ride ride nide NH phide os 
HCl coci HF H.S NO 


] 4 


ithing apparati hazards of carbon monoxide and 


pecially the situation n deficiency. 


were chlorinated com 
ACKNOWLEDGMENTS 


pounds such as chlorinated rubber o1 


polyvinyl hloride Ihe work described in this articl 


] 


\ hazard certainly exists when plas forms part of the program of the Joint 


tics are involved in fires, but apart Fire Research Organization of the De 
from extra smoke the total hazard is partment of Scientific and Industrial 
the same that has alwavs existed, and Research and Fire Offices’ Committee 
fear of the additional gases evolved the paper is published by permission 


must not obscure the realization of the of the Director of Fire Research. The 
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Oxygen 
per cent 
by volume 


° 





\-1 


4.3 


Wat 


(A-6 


} 
ID 


Glendale Ave 


(A-8 


nendations for check, 


1 
Val\y Circle 
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CATALOG S&S 
and BULLETINS 


To obtain copies of literature described below, write 


prefix letter and number on 


Ground Support 


4 Describes 


Equipment—B 
produ ts for 
i flushing and othe 


20 Paula Ave 


tery f 
j 1 ) 


Flexible Metal Hose and Tubing 


In lud 
Anaconda M 
Brass (¢ 


ntting Dra 
ta iH 
S Ma 


Expansion Tubing Connector—B 


Clamshell Buckets—Catalog 
| onstru 
digging, dredging 


Knox Co 


Nameplates—Brochure, 4 pp 

polyester film mad 
sage faces, kick plates. Tell 
fy. W H Brady Co, 727 W 


Milwaukee 9 


lf-adhe ring 


Locks—Bulletin, 6 pp. Give 
d electrical data gC 
Chicago Lock Cc 
\ Chi igo 14 


4 


on 


CK 


Show 


ind = service 


Valves—Brochure, + pp 
dimensions 
relief, shut-« 
Seal Products Co 


Foothill Blvd, Pasadena, C 


(A-9) Drafting Papers—Brochure, 15 


(A-10 
LD 


42 


( 


sam ple 
rid, fad 


production 


of tracing and drawing 
out grid and other paper 
list 


Emen 


Includes _ price 
Co, 1482 67 St 


Radiant 


nstruction 


16 


dime nsion 


Catalog, 


Heaters 


reader 


service card 


Plastic Knobs 
mHcnsion nd 
haped knob 

n stock mold Din 


th St, Dayton 2, Ohi 


(A-12) Vibration Mounts—B 
Describe pad_ typ 
Unisorb Div, Th 
St, Boston 


I ; 


(A-13) Whiteprinting Machines 
18 pp. Describes range of 


to aut ] 


mat I tpn 
Aniline & I 
m City, NY 


icTal 


) Rd Johns 


(A-14) 
pp. Contains d 


im handles, ‘I 


loolroom Components 


" ssories for th 
lool Specialty Ce 
land 

(A-15) 
Provid 


+} 


Plastic Knobs 
illustrations 
1ermosetting pla ti knol dial 


Kurz-Kasch, Inc, 1421 S Broad 
Dayton, Ohio 


assemblies 


way, 


(A-16) Brochure 

pp. Describes types of glass reinforced poly 
will make GB 
Water 


Reinforced Plastics 
ester resin parts 
Lewis Co, 3426 
town, Wisc 


ompany 
Montgomery St 


(A-17) Special Wrenches—Data sheet 
pp idea of special 
drives, socket openings, materials 
} 


handles 
that can 
ll Wrench 
Mass 


Gives an 


e supplied. Details a few. Low 
Co, 97 Temple St W orceste! 


Di 


(A-18) Blowers 


have 50 to 


Bulletin, ¢ 
4000 cfm 
single stage, 14 multi 
M-D Blowers, In Lf 
W isc 


Lobe 


ipac mies and 


PP 
cers 
pressures of psig 
stage 


Fourth St 


psig 
Racine 


(A-19) Air and Vacuum Pumps—Bulletin 


Provides and dimen 
tor 


lubrication 


+ PP apacity tab] 


s10N1S vane type requiring 1m 
Lists fm; 
pressures to 15 psig, single stage—35 psig 
M-D Blowers, Inc, 100 Fourth 
W isc 


pump 


capaciti to 40 


multistage 
St. Racine, 


(A-20) 

ind ind contour 

eats for equipment. Miulsco Mfg 
2758 N 33 St, Milwaukee, Wis¢ 


Seats—( 


dimensions 


italog, 18 Illustrate 


cushioned 


PP 


mobile 


(A-21) Gear 


(; dime nsions hp ratings, constru 


Pumps—Bulletin, 15 pp 
tion 
14¢ 
Northern 


PO, Mi 


of pumps capable of handling 4 to 
gpm of a wide variety of liquids 
Ordnan Inc, Columbia Hts 
21, Minn 


neape 


Files—Catalog 
rtical and roll print fil 
Plan Hold (¢ 
St, S Gate, Cal 


(A-22) Blueprint 
Describes 


; ; 


bh] 
ibles 


Axle Assemblies—Bri 
whi 

ver brake | 

ll-Standard ¢ 


D 100-4 


4-24) Sound Instruments 
) ind 


rating quipm 
Scott, In Inst 


Mill Rd, Maynard 


Noise Measurement—Broch 
i t l nig | wed 
for th nea 


H H Sco 
Powder Mi 


Submersible Pumps 

ypical installations 
Sier-Bath Gear 

Hudson Berge 


Blvd 
(A-27) Drafting Machine—Catalog, 1¢ 
1) ride 
drafting 


Co, 76 


ontal or vertica 


Meg 


models for horiz 
Also shows scales. V & I 
S Fair Oaks Ave, Pasadena, Cal 
(A-28) Counting Devices—Catalog, 4 
Present pt 
mechanical, 


PP 
ifications of standard manual 
ele 
for built-in or plant applications 
der-Root, Inc, 70 St, Hart 


Conn 


trical and electroni 
ounter 


Vee 
ford 


Sargeant 


(A-29) Vapor Conservation Balloon—Bro 
hure, 4 pp 
balloon which attaches 


coated nylon 
tank to 
minimize vaporization and prevent escap¢ 
Reeves Bros, Inc, Vulcan 
Div, 1071 Sixth Ave, 


De s ribe 5 rubbe I 


to storage 


of vapor 
Rubber Pr 
NYC 18 


ducts 


(A-30) Dials—Catalog, 34 


dimensioned drawings and 


Provide 


lists for 


PP 
tock 
hard 


Broad 


dials, knobs, verniers and associated 


Ackerman Engravers, Inc, 458 
vay, NYC 


Val 


(A-31) Electronic Test Equipment—Cata 


log 290 pp Presents instrument I 


measuring phase impedance voltage, trans 


mission or delay Also includes poten 
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tiometer test equipment, dual speed drives 
ind others. Acton Laboratories, Inc, 553 
Main St, Acton, Mass 


(A-32) 
Castings 


Zinc Alloy Die 
Describes serv 
tables of alloy 

Advance Tool & Di 

60 N Holton St, Milwaukee 


Aluminum and 
Brochure, 


Includes 


6 pp 
ces) avallabit 
iverag¢ 
Casting Co 
12, Wis 


prope Tties 


(A-33) 


pp Provides 


Wheels 


dime nsions and 


and Casters—Catalog 
load 


, 
models 


ratings 


for standard and heavy duty with 
solid tread tires. Includes shock 
| Co, Inc, 3285 San Fer 


Angeles 


ibsorb 
ing types 
nando Rd, | 


(A-34) Stainless Steel Products—Brochur 
] pp Illustrates facilities, personn 
standard and representative customer-sp 

\lloy Products Corp 
Waukesha, Wi 


fied product 


Perkins Av 


(A-35) 


Polyethylene Fume Hood and Ex 
haust t 


illetin, 4 pp. D 


mad 


Svystems—B 
xhaust and ventilating system 
handling corr mat 
rm of air and vapors. Am 


Box 168, Bedford, Ohi 


(A-36) Data Tape Recorder—Brochure, | 
yp. Di es recorder capable of respor 
Ips Utilizes solid stat 
m circuitry. Records f-m 
pex Corp, Ampex Data Prod 
34 Charter St, Redwood, Cal 


7) Tape Recorder - reproducers — Bro 

20 pp. Instrumentation recorder can 
operate at of four of six speeds up 
to 60 ips. Four recording techniques avail 
Ampex Data Products Co, 934 Chat 


i 
able 
ter St, Redwood City, Cal 


(A-38) Mockups—Brochure, 32 pp. Illus 
trates capabilities for making scale models 
full-size mockups, training aids. Atkins & 
Merrill, Inc, Boston Post Rd, S Sudbury, 
Mass 


(A-39) Metal 


vides specifications and construction details 


Hose—Catalog, § pp Pro 


for stripwound and corrugated hose. In 
cludes illustrations of fittings and coupling 
Atlantic Metal Hose Co, Inc, 308 Dyck 
man St, NYC 34 


(A-40) Degreasers and Industrial Ovens— 
Catalog, 12 pp. Provides illustrations and 
specifications of standard and special ovens 
Baron 


Los Ange les 31 


degreasers Industries, 


Ave 26 


and vapor 


241 West 
(A-41) Swivel Chain—Catalog, 12 pp. Illus 


and end fittings plus applica 
tions. The Bead Chain Mfg Co, 110 
Mountain Grove St, 5, Conn 


trates sizes 


Bridgeport 


(A-42) Hand Tools—Catalog, 64 pp. Illus 
trates wrenches, pliers, pullers, feeler gages 
and others. The Bingham-Herbrand Corp, 
1111 Stone St, Fremont, Ohio 
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(A-43) Instrument Components—Catalog, 
62 pp. Presents drawings, specifications, 
dimensions of precision components such 
as speed reducers, servo motor gearheads, 
servo packages and counters, including 
navigational types. Bowmar Instrument 


Corp, 8000 Bluffton Rd, Ft Wayne, Ind 


(A-44) Cabinets—Brochure, 22 pp. Shows 
ompany capabilities and a sampling of 
sheet metal products. Lists machinery used 
Boyle Metalcraft Corp, 150 Sullivan St, 


Brooklyn, NY. 
(A-45) Recording Charts—Bulletin, 1( Py 


Describes facilities for designing and manu 
facturing charts to order. The Bristol Co, 


Waterbury 20, Conn 


Catalog 
relay racks 
Bud 


(A-46) Electronics Enclosures 


pp Describes sheet metal 


i 
binets, chassis and 


Radio, Inc, 2118 E 55 St, 


components 


Cleveland 3 


(A-47) Printed Circuit Drafting Aids—Bro 
Shows pasteups for laying out 
preliminary designs. By-Buk Co, 4314 W 


Pico Blvd, Los Ange les 19 


hure, 8 pp 


(A-48) Drawing Equipment Catalog 
yp. Shows scales, templates, triangles 
rides, other aids. The C-thru R 


Co, 827 Windsor St, Hartford 5, Conn 


terin 


(A-49) Sling Chains— 


Gives dimensions and load lin 


Chan 


italog l¢ 
Campbell 


York, Pa 


slings 
Elm Sts 


q iadruple 


Norway & 


(A-50) Visual Aids 


trates tapes, templates 


Catalog, 24 pp. Ih 
and other produ 
for making graphs, charts or layouts. Chart 
River Rd, Leeds, Mass 


Pak, Inc 


(A-51) Aluminum Plugs and Caps—Cata 


log, 8 pp. Lists dimensions and prices for 
shipping closures. Clover 


578-588 Young St, Tonawanda, NY 


Industries, In 


(A-52) Plastic Plugs and Caps—Catalog 
12 pp 


materials 


Provides dimensions, prices and 


shipping 


S7R.58&8 


characteristics for 
Clover Industries, Inc, 
Young St, Tonawanda, NY 


closures 


(A-53) Stainless Steel Valves—Catalog, 103 
pp. Contains drawings, dimensions, mate 
rials breakdown of valves, fittings, acces 
chemical, 


Coop I 


sories for corrosive service in 
paper, petrochemical industries 


Alloy Corp, Bloy St, Hillside, NJ 


(A-54) Photocopiers—Data folder, 10 pp 
Describes machines that can make copies 
on regular paper, cards, tissue, transparent 


paper or flm. Copies or originals can be 
double-sided 


pease Corp, 425 Park Ave, 


Also copy from books. Co 


NYC 22 


(A-55) Whiteprinters—Brochure, 6 pp 
Describes machines from smal] desk models 
to 75 fpm automatics. Copymation, In 
5640 N Western Ave, Chicago 


PRODUCT ENGINEERING — Mid-September, 1960 


(A-56) Decorative Metal and Glass 
Show 


materials 


range of 
Includes 
Inc, 6258 


Catalog, 8 pp pattern 


finishes, colors, data o1 


printed circuits. Croname 


Howard St, Chicago 48 


(A-57) Aircraft and Test F.quipment—B 
Has brief Spr hcation 
blowers to 


chure, 12 pp 
everything from rockets to 
matic checkout equipment. Curtiss-Wright 
Corp, Santa Barbara Div, 6767 Hol 

Ave, Goleta, Cal 


(A-58) Machining 
pp. Outlines work capabilit; 
Lists machine facilit 

Tool & Mfg Co, 2201 NS 


Minn 


Service— Bre 


] 


neapolis 


(A-59) 
Furnish 
fan vith 

The Day Co 


Industrial Fans 


pe 
(A-60) Hoists—B 
nsions, ipa 


and tra 


(A-61) Mechanical Force 


w © BD 
Van N 


(A-62) 
+ pp 


Deflecting Beam Scale—B 
Deflectior f 0 i 


scale reading. Capacitic 
2 000 Ibs. W ¢ 


14620 Keswi St. Var 


(A-63) 
De “ rilx s 
fers tor 
percent 


Die 


faciliti 


Castings 

that t 

making die castings 

compositions of the 
1 zi I] I] 

minum and zinc alloys usually 

casting. Dollin Corp, 600 S$ 


ington, NJ 


Coolant—Bri 
fluids a 


Dielectric 
Discusses silicone 
discusse 


temperature 


(A-64) Silicone 
chure, 7 pp 

coolants and 
changes with varving 


Dow Coming Corp 


dielectric propert 
ind fr 
Midland 


quency 


Mich 


(A-65) Copying Machines 


pp. Machines make copies on bond 
translucent paper or four page form 
opies, « fiset 
copy from books. Eastern Kodack Ce 


State St, Rochester, NY 


make two-sided mast 


Masters— Bro 


and proc 


(A-66) Offset 
Describes machines 
copies OI oftset masters. Includes pr 
Eastman Kodak Co, 343 Stat 


ster, NY 
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catalogs and _ bulletins ay continued 


(A-67) Truck Hardware—Catalog, A-78) Telephone Handsets—Brochur rV and Film 
Shows hardware and typical installati | 
} 


Equipment—Cata 
Shows wiring diagram nd c f | Des 


Ol | cribe 
ioods, trailers. Eberhard Mf mbinations. Can be 


. laboraton ories, stu 

+ Tennyson Rd, Cleveland ommunications system. St1 remot ntrolled antennas 

nm Div of General Dynam rp Houston Fearless Corp, 11801 W ¢ 
irlson Rd, Rochest NY Blvd, Los Angeles 

pp. Describes manufactuting process and 


4-68) Rolled Steel Rings—Broch 


various sections and sizes F (A-79) Drafting Table—Brochut Py] (A-90) Vibrating Dryers—( 
r St Co, Box 478, Pittsburgh Presen nethod « ng ing rib 


principies of 


ndless bel necial ; nal ghts and pr 
4-69) Heating Mesh—Brochut I ‘. - ‘ on | rs ( 
Wire mesh is laminated 


, ral ireproohing Cx 
: . . ’ 
lectrical formulas for ; 1 Oh 


given. Electrofilm, In 
( lly vood, ¢ i] 


4-70) Film Heating Elements all nen eee Se Harl Ad lK : ciel 
Heating element and i ,' : 
s thermal, physi é 
eristics. Electrofilm, In 4-81) Casters and Wheels—Catalog + kd eee ¢ 
ollywood, Cal | | Ides sCTIT n 


a 


on (sar 


lid pneum rubber . (A-92) Slide Mechanisms—Cata 
4-71) Drafting Equipment — B vi , . : ; 


] l 
Describes small, portabl I 


lectircally operated. | = 
1051 E Main St, Wa Mig ¢ 
( J 
(A-72) Small Porcelain Enameled Metal : oa : s eh: a (A-93) Electronics Instruments 
Parts—Catalog + pp Describx prot r 
namel 


Continuous Printers 


Laboratory and Research Scales 
p D rib nan 


including 


\-94) Lighting 


NY 
rs ind 
st has 15 grat ’ t A-54) Casters and W heels—¢ 
ght Scale . pp. Gi 
St olumbus. Ohi Gas Cylinders—B 
bsorbing. p , red an r tyy lata on standard and 
(A-74) Metal Fabrication—Catalog p . ~ 3 é , nacities to 855 
Presents standard consoles, rac cabin 33.] ; ‘ ; ' psi. Walter Kidd 
ere a y, Hamilton, Ohi Inc, In | & Marie D 
Falstrom Co, Istror NJ 
N] A-85) Casters and W heels—Catal 
. pp. Dimensions and k ratings al (A-96) Drafting Equipment—Cata 
4-75) Stamping Service—Bulletin, 6 pp ; ing, pn DI Shows p net 
! ired types Cast 
& Mfg ¢ 173 ci vy, Hamilton, 


Ohio 3h sbury, NJ 


apabilities for producing it 


h metals and nonmetals 


in in bot 
ludes stamping design helps 


Short Run Stamping Co, 3621 


\ Minneapolis, Minn (A-86) Drafting Equipment—Catalog, 35 (A-97) Metal 


Working Services 
he r\ 


cTvices ! h i 
(A-76) Thread Compound—Bulletin, 4 pp * 


bination units. Hamilton Mfg ‘ ving ing, finishing t 
ribes high temperature ompound Riven Wi hers available on a 


pp Describes board tabi hi 


" 
ontra 
ind preventing seizing of 


rl [ 10 E Dick 
It Products Mfg Co, 745 (A-87) Vertical Conveyor—B in Dy 
k Blvd, Skokie, III Presents features 


ent and 


Automatic Test Equipment 
Equipment us 


* + hy 


vevor for balk material onvevo i (A-98) Processing and Storing Equipment 
. ' one t fab 
Hapman Corp, 630 Gi , Snow pecialized equipm ia i 


6, Mich I n make. Some past 
taming mussik uircraft I 


ers, tanks, retort 
ronic systems tests. Readout (A-88) Balls—Catalog 


Can work wi 
indicato ) y permanent pecifications, materia har 


14 in. thick. Kove 


of Gener precision balls of met Dickerson, Dover 


il 
Rd, Roch Hartford Steel Ball Co, Jeff 
Hartford, Conn. 


rson 
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OZALID NEWSLETTER 


NEW IDEAS TO HELP YOU WI/TH ENGINEERING REPRODUCTION AND DRAFTING 


A simple sponge with new Duratrace 
is your quickest way to renew soiled drawings. 


New washable, scrubbable Duratrace” 
gives you indestructible masters 
you can sponge new! 


If ever there was a drafting film that 
“is forever,”’ Duratrace is it. New 
Ozalid Duratrace, when used with 
modern plastic pencils, can be wiped 
clean and thereby restored to new 
condition at the sweep of a sponge. 
Drawings, originally done in regular 
pencil or India ink, can also be 
cleaned, although a bit more care 
might be necessary. 

Just combine this cleanability with 


the fact that Duratrace never yellows 
or ghosts, and you’ve got a winner 
that’s hard to match on any count. 
And how about this? Duratrace either 
exceeds or equals any other tracing 
material as far as dimensional stability 
is concerned! 

Want even more? Just check 
Duratrace on acceptability of a pen- 
cil image! Never has a drafting film 
equaled New Ozalid Duratrace on 


pencil acceptability. But the proof is 
really in the doing. There are intan- 
gibles that exist between a draftsman 
and his materials that are hard to 
fully describe. Only your own expe- 
rience with Duratrace can completely 
convince you. We think that 
Duratrace has a certain “‘feel’’ that 
makes it a delight and a joy to work 
with. Hundreds of draftsmen agree 
with us. Why not try Duratrace 
today ? Someday, someone might im- 
prove on this. Bet we’ll be the ones 
to do it. On every count, doesn’t it 
make sense to try Duratrace? 


If you like "em 
stacked for speed... 


Just check our Ozalid Streamliner 
200 Direct Copy Machine. 

Fast? A neat 14 feet per minute. 
Perfect for medium-sized operations 
and easy feeding. 

Wide? 
takes four 81% x 11 sheets in a row, 
does them as fast as smaller machines 


A roomy 42 inches that 


do a single sheet. 

And the new close-up controls of 
the 200 cuts operator fatigue; means 
anyone can learn to operate it in 
minutes. 

New stacking system cuts work 
time considerably while the new 
cooling system means greater com- 
fort for everyone in the office. 

But these are just the basic facts 
of operation. How about versatility ? 
The Streamliner 200 is specifically 
designed as a double-duty unit equally 
suitable for both engineering and 
general office work. 

Just invest in one Streamliner 200 
and get both an engineering and an 
office unit in one. You get the bene- 
fits of engineering speeds and width 
in your technical work plus a super 
high-efficiency unit for office copying 
and order invoicing. 

One last plug. The Streamliner 200 
costs a lot less than you would 
imagine. It costs less to operate and 
virtually nothing to maintain. Seld? 
Just contact your local Ozalid repre- 
sentative for a demonstration. 


Ozalid, Johnson City, New York. A Division of General Aniline & Film Corp. 
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Tracing Cloth or Drafting Film*? (o° 


Shows resources for fabricating specialized 


Fabricator—Bulletin, 8 pp 


Arkwright Makes Them Both Loading ox siding. Uhveen Shiianes, tot 


EF. Dickerson, Dover, NJ 


(A-100) Electronics Instruments—Catalog 
ribes variable electronics filter 
ry power amplifiers, RC oscillator 
power supplies. Krohn-Hite ¢ 
ssachusetts Ave, Cambridg 


(A-101) Name Plates and Trim 


I pp. Gives siz finishes, tasten 
methods. LaF ran recision (4 
th & McKean St | 


(A-102) Avionics—B 
ribes air and miss 
nponent 
umplifers. Lear, In 
| S Bundy Dr, Santa M 


(A-103) Reference Books—B 
Db ibe n detail four impor 


»k Product Engine 
Handbook of Fast 


St. NY( 


in petre I 
The Mack Iron W 
Warren St, Sandusky, Oh 


4-105) Wire Rope—Brochure, 4 pp. P 
rw sent 4 ig] 
JARVIS DeBRIS for sizes from ~ to 34 in. OD. Ma 


*Based on DuPont “MYLAR” polyester film. MOORE & gw . : 204 
se uPo poly BATON ROUGE vt W ire Rope Co, 294 14 Ave 
CONSULTING ENGINEER Kenosha, W isc 


‘ 


l streng ths and constructi 


(A-106) Nameplates— Brochure 15 pp 


Shows facilities for manufacturing etched 
In reply to the question as to where Moore and DeBris “ a 


were going to put the new sewage disposal plant for 
Honeywater, Miss., Jarvis DeBris proudly replied: 
“Where else but on Arkwright. When you use that per- 
fect working surface, everything is clean and clear — no 
blobbing, no feathering, no ghost. And — Arkwright's new (A-107) Drafting Room Equipment 
drafting film is ideal for making sharp, clean reproduc- Catalog, 32 pp. Describes several styles 
tions at fast printing speeds. You ought to try some — of drafting tables, plan files, stools and 
Arkwright. : ; straightedges. Mayline Co, Inc, 607 N 
For perfect performance on cloth, specify the roll with ciao Ge Gi Mite 
the blue line — Arkwright. See for yourself the advantages pee 
of Arkwright’s perfect coated surface on drafting film. Film (A-108) Wire Forms—Brochure, 12 pp. Ex 
available in several thicknesses. Both cloth and film in cut plains terms used when working with wire 
sheets or rolls. Write today for free samples. to help a person making up a specification 
Arkwright Finishing Division, Arkwright-Interlaken Also a wire gage chart. Merrill Mfg Cc 


, 
gag 


Inc., Fiskeville, R. L. Box 566. Merrill, Wisc 


mbossed, lithographed nameplates, dog 
tags, badges and bronze tablets. George ] 
Maver Co, Inc, 546 E Market St, Indi 


aunapolis, Ind 


(A-109) Packaging—Catalog I 
ep right scribes protective packaging for lectroni 
» Arkwright ! yptical or mechanical devices and instru 


ments needing protection against heat 


humidity, other unusual conditions. In 


truction. Zero Mfg Co, White Div, In 
FINISHING DIVISION Palmer, Mas 


Arkwright-Interlaken Inc. 
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is America’s leading Technical Paper 


CLEARPRINT 
Clearprin 
Papers have 
Engineering 
failitcuatiert 
since 1933 
oldest tracing : ? 

jab they have serv PRINTING & HANDLING 
for over , \ 
Clearprint 
watermarked f« 
protection 


The files of our many 
CLEARPRINT 
‘ nals are not subje« 
UNIFORMITY LS \ ereyagt  B 
Phe Unchanging Ch } "Yi fine definition 
acter of CLEAR 
PRINT Papers 
cludes Permanent 
Transparen 
standing Erasing as 
alt ae Handlins CLEARPRINT PRICING 
Printing and Lasting 
Qualities. To the above CLEARPRINT Pa 
we have added an ideal . pers are reasonably 


Ink and Pencil Surface priced —and not sub 


ject to frequent price 


4) 
TRANSPARENCY . “yi pane 
CLEARPRINT Tech 
nical Papers have re 
tained their Trans 
parency and Repro 
duction Qualities since 
their inception in 1933 
ai have served our ' COST CONSIDERATION 
many friends so well be 
that alm 
them have remained 


loval to CLEAR 
‘ty tutes for Clearprint at 
PRINT , tute tor learprint-a 
a slightly ower price 


ERASING QUALITIES | le Mgieenttes Mis 


costly procedure and 


At times other papers 
are offered as substi- / 


eventually cost 


INK AND PENCII 4 » will 
LINES lrawr d i a you more 
redrawn in the ime 

prove CLEAR j 
PRINT’S unequalled Ors 
erasing strength CLEARPRINT’S VALUE TO YOU 
whe pang hf Che few en per 

t supp a 

uVINE 


ir 


areas 


shee 
by 

paper ire 
minor sig 


} 


when comy red to the 
value of the drafting 
time vou actually save 
when vou ise Clear 


WRITE, Clearprint 
atalog 
WIRE available 
or Clearprint Paper Com 


PHONE pany 1482 -67th St 
E rie ville California 
TODAY! ites 
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catalogs and bulletins continued 

FR ECT R. (A-110) Hot Airless Spray Paint System 
Br pp. Describ quipmer 

tking principlh idvantages m 

terials that can | pplied. Nor rp 

6 Jackson St, Amherst, Ohi 


(A-111) Lifting Magnets—Bullet 


ind magn 


<tr f Ohio FE] 
rt Dunham Rd, Mapl 


(A-112) Valves 


4-113) Molded Rubber 


\-114) Blueprinting Machines 


rr wis 


oo 


A-115) Whit printing Machine 
1) t 


( 


re-engineered CABINETS AND | w2eceoessects: 


ENCLOSURES 


q | EMCOR pre-engineered cabinets and enclosures bring 4-117) Bellows Joints 
Erector-Set simplicity to control center construction. A ter 
pai Phillips Head Screwdriver and handy EMCOR hardware 
kit introduce an ease and flexibility never before at- 
tained in control center assembly, alteration or re- R R 
arrangement. Costly modification of units of custom type 
construction is eliminated. EMCOR units with their exclu \-118) Drafting E.quipment—Cata 
sive combination of patented custom quality features - 
bring a new concept to instrument housing. Advanced 
design, greater load carrying capacities, combined with A, 
modern fabricating techniques and high craftsmanship 
standards are just a few of the many reasons why dollar 4-119) Drawing Media 
for dollar you get more from EMCOR. Take the guess- S tracing and 
work out of your packaging problem, let EMCOR engi- lerick P 


neering know-how give you the solution. Your request \ 


for current information will be promptly answered. | (A-120) Sight Glasses 
Descrit d illustrat 
Your copy of 
Condensed Version ! m | 
Catalog 106 Prod Rox 424, Charl 
Available upon Request 
(A-121) Plastic Closures—Data | 


rEMCOR. Originators of the Modular Enclosure System er heap : “a 
Ingersoll propucts DIVISION | jo. a2 
BORG-WARNER CORPORATION panactive Ciena 6 


630 Congdon Avenue Dept. 1240, Elgin, Illinois 
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EXTRA AIDS 
WITH YOUR 


PRODUCT ENGINEERING 


SUBSCRIPTION — 


a 


Special "Design Digest” 
* Reprints of special articles 


* Catalogs & Bulletins on, 
New Metals & Alloys 
New Materials 
New Components & 

Parts 


* Brochures on advertised 
Products, Equipment 

A New, Informative Issue of 

Product 


week. 


Engineering every 


* Seat promptly on request. 


_ get IMMEDIATE 
DELIVERY! 


— POSTPAID — 
OF THIS BIG DESIGN REFERENCE HANDBOOK 
1960 DESIGN DIGEST ISSUE 
AT NO EXTRA COST! 
As a New Subscriber to PRODUCT ENGINEERING 


DETACH AND MAIL TODAY 


K. Make immediate aid shipment to me, AT NO EXTRA COST, 
a copy of the 1960 DESIGN DIGEST ISSUE—as a new subscriber to 
PRODUCT ENGINEERING for | year only $3 for 52 weekly issues. 

[] Bill Me 


[] Payment Enclosed 
» $5 [save $4 


[} Bill Company 


NAME 
ADDRESS 


Home 
Business 


CITY STATE 
COMPANY 

PLANT LOCATION 

PRODUCT MFGD. 


EQUIP. DESIGNED 
This Offer is Limited to New Subscribers as regular part of subscription service. 


FOREIGN RATES—1!1 YEAR ONLY: CANADA $5, LATIN AMERICA $2 THER FOREIGN 
Mid-Sept. !960 





WHEN YOU CAN EASILY HAVE YOUR OWN 
1960 DESIGN DIGEST ISSUE 
AND A NEW COPY OF PRODUCT ENGINEERING EVERY WEEK 


FIRST CLASS 
PERMIT No. 64 
NEW YORK, N. Y. 


—POSTAGE WILL BE PAID BY — 
McGRAW-HILL PUBLISHING CO., Inc. 


RODUCT ENGINEERIN 


330 WEST 42nd STREET 
NEW YORK 36, N. Y. 


New 


Ene 
; ) 
| NOW ONLY |} 

a 


| $3 ! 
| A YEAR 


very issue Bring 
Useful Desiar 
ind Product Develop 
nent Data on: — 


* New Design ideas 


Components and 
Materials 

Calculations and 
Formulas 


Design Work Sheets 
Engineering 
bstracts 


New Uses of Old 
Materials 


* Solutions to Design 


Problems 


* Tested Ways to Cut 


Costs 








a&y 


Tell-tale monitoring — all Quick removal — maifunc- 
controls easily accessible, up tioning unit can be removed 
front. Tiny tell-tales spot with a half turn of the wrist 
trouble instantly, isolate it to reducing down-time to 30 
8 specific modular unit. seconds with plug-in spare 


GENERAL ENGINEERING 


Plug-in components for electronic systems 


Alden plug-in components offer far more than the convenience and ease 
of modular packaging . . . the prime advantage of these basic building blocks 
is that they make possible more reliability in service. 


Quick replacement — mai- in-service checks — Alden Single point of check — ali Quick repair — rugged. port- 
functioning component can be Adapter Cable brings chassis leads brought to single able carrying case protects 
snapped out and replaced in out into the open while in checkpoint — makes possible chassis. ieolicoment of mal- 
seconds. operation for quick checking. color coded, vividly ilius- functioning chassis is only 
trated circuit legends. air mail time away from ser- 

vice center. 


From layout to finished equipment.. .in just <> steps: 





f . 


> a 


Unitize circuitry in compact, vertical 
planes with Alden Terminal Card 
Mounting System — Your circuitry 
is assembled in complete units, 


ready for housing. 
i! tf th © 
Aveo 


Pre-punched . Miniature 
terminal cards terminals 


Jumper strip 
(eliminates wiring) 





Complete circuits ready for 
q plug-in package or chassis 








- 


a q 4 ™ 
Mount cards in Alden Basic Chassis Mount sub-assemblies in Alden 
for tremendous variety with stand- UniRacks — UniRacks fully utilize 
ard componen s — Alden provides all the features of plug-in construc- 
standard plug-in or slide housings. tion, give you a more compact, 
With spares, units are replaceable serviceable unit. Furnished in 2 
in 30 seconds. basic heights, either mobile or sta- 


tionary — easily accessible, front 
ul Ht] ll u a 


Alden plug-in package 4 sizes: 7, 9, 11, and 20 pin 


Alden Basic Chassis 


- 
+ 


Picture Frame Rack Adaptor —for mounting Alden 


Basic Chassis in any combination. Mounts in standard 
' rack or Aiden UniRacks. J 

















Assign Alden testing and sensing elements 
to each unit to spot trouble instantly 





Miniat Stacking and 





indicator Pan-i-lite patch cord 
lights Switch 
(momentary 
contact) 


Two time saving, money saving, “GET STARTED” KITS 


bist /~S , i oe «i ee 
Terminal Card Mounting Kit #42 — Includes new Alden Basic Chassis and Terminal Card Assortment Kit 737 
Staking Tool plus prepunched terminal cards, ratchet ter- — All necessary components to mount, house, fasten and 
minals, eyelets, brackets, and card mounting tube sockets monitor your electronic circuitry. Makes 


—everything for —— sense, save time, establishes reliability. $249.50 
time saving circuitry layout. $49.95 Other kits from $11.50 























Write today for new Alden Plug-in Booklet A L D E N | 
and handy, up-dated Quick Order Guide, 


PRODUCTS COMPANY, 9135 N. Main Street, Brockton, Mass. 
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06++0008 84 mented 
ASccee : = 


Template 
Supply House 


“Quality At The Right Price” 


IMMEDIATE DELIVERY ON DRAFTING TEMPLATES OF ALL TYPES 
RAPID - DESIGN — TIMELY — DO - ALL —CASSELL, ETC 


cs @ Machine e« To . yo . ymbo eo A 


slized @ Fixture e Structural e 


CUSTOM DESIGNS MADE TO OR 











ASK YOUR LOCAL beaLer| ALV & COMPANY, INC. 


Importers, Manufacturers and Distributors 
Windsor, Connecticut 

e Drawing Sets e Drafting Materials 

e Drafting Instruments « Drawing Equipment 

e Designing Aids e Measuring Devices 


or write for 


ALVIN’S FREE 
Template Catalog 
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STACOR Lifetime Steel 


Staktube 
Roll File > 


low-cost— 
space-saving |. 
file & find system 


Rolled drawings, maps, plans, blueprints, efc., stay 
cleaner, safer, easier to find in the new space-saving 
Staktube Roll File System. All steel-encased 15 /)”’ 
Square File complete with steel-rimmed tubes 
32 sizes—4 ID's, 8 lengths: 18, 24”, 30°, 36”, 
42", 48”, 54, 60’. Files bolt together for stack 
nq any height. With locks if desired 


Write, Wire, Phone RIGHT NOW for literature 
on STAKTUBE, and complete Stacor catalog. 


STAGCOR eovievens co Y 
337 Emmet St., Newark 5, N. J. © Bigelow 2-6600 


Warehouse Stocks In: Boston, Chicago, Detroit, Hartford, Los Angeles, 
Montreal, Philadelphia, Rochester, Saint John, N. B., San Francisco, 
Toronto, Washington, D. C 
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MAYLINE 





MAYLINE 








Two Drafting Tables 
That Are Outstanding! 


The Mayline Desk-O-Matic and the May-O-Matic are outstand 


JNITAVAW 


ing for ease of operation and counterbalancing adjustments 
Desk-O-Matic is desk height model—May-O-Matic has 37 top 


height at the horizontal 


Have your local dealer give you details on these fine tables 
They ore fully described in Folders S-22 and $-24. If you have 


no dealer, write to factory 


Mayline Company, Inc. 


607 No. Commerce St. ° Sheboygan, Wisconsin 





MAYLINE 
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‘BIG COVERAGE: 34°x 44" tracings 
LITTLE PRICE $71.00 “wwii 


The VEMCO “3300” Drafter with 20” Arms 
has all the | precision, stability, 
maneuve of drafting machines 
ice as much, plus 
ity and dependability. 
tic indexing in 15° 
. Wide variety of VEMCO 9”, 
id 18” Scales available, or use 
yourwn scales having standard 
chuck plates. Available with 16” 
and 18” arms at additivnal savings. 
apy. Write for free Catalog DM4. 
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catalogs and bulletins 


Brochur 
ation 


(A-122) Pyrometers 

descriptions, specifi 
radiation, immersion 

ting types. Pyrometer Inst 

ortland Ave Berg nhel 


Metals Fabricator—Brochure, 


trates facilities for making alu 


1inum stampings and formings, aluminum 


steel with 


Mirro 


ind = staink rolled sections 
remical and mechanical finist 


Aluminum Co, Manitowoc, W is 


) Contract Manufacturing—Bro 
+ pp 
for supplying sheet metal products 


Berger D Republic Steel Corp, 1038 
Belden Ave NE, Canton, Ohio 


4-124 


Explains facilities and ser 


Sheetmetal Fabrica 


tions—Brochure, 26 pp. Describes capabili 


4-125) Precision 


stainless steel and super 
Also shows 
uutomotive high temperature brazing and 
heat treating. The Stalker Corp, 903 
Woodside Ave, Essexville, Mich 


| 
s for working 


illoy sheetmetal iviation and 


(A 126) 


trates and gives ai 


} 


Air Impellers—Bulletin, 4 pp 
uilable of blo 
fan blades, housings and 

Reveor Inc, 251 Edwards 


ventersville, Ill 
(A-127) Torque Wrench—Bro 
Describes wrench and gag 
Richmont Inc, S Myrtle 
rovia, Cal 

(A-128) Steel 
manufacturing 


lubing—Brochu 
Explains of tu 
fabrication into assemblies. Gives f 
Rochester 
General Motors, 


Rochester, NY 


izes and_ tolerances 
ucts, Dy rf 


Lexington Ave 


and Handles—Catalog, 24 
and dimensions of 


(A-129) Knobs 
pp. Gives illus 
stock items 
plasti Rogan 
Ave, Skokie, Ill 


trations 
of molded thermosetting 


N Monticello 


made 
Bros, 8025 


(A-130) Blueprint Files—Brochure, 5 pp 
Files carry 8 to 49 rolled up prints, and 
an be stacked to add capacity. Roll & 


File Systems, Inc, Box 3863, Detroit 5 


Cords—Catalog, 48 pp 


rubber cords 


(A-131) Power 
Shows molded plastic and 
connectors plus 
Royal Ele 


with 2, 3 and 4-wire 


special electronic assemblies 


tric Corp, Pawtucket, RI 


(A-132) Weather Seals 


Provides dimensioned 


Catalog, 44 pp 
lrawings of woven 
parts 


J fter 


pile seal assemblies for moving 
Schlegel Mfg Co, Box 197, 1555 
on Rd, Rochester 1, NY 

Bulletin 
properties of a 


paint. The 


Wakefield, 


(A-133) Zine 
Describe 1S 


Coating 
es and 


ipplied lik 
14 Valley St 


pound which 
Sealube Co, 
Mass 


continued 


Bruning Neoglide Drafters. Speed 
drafting up to 35%! Unique design 
gives complete maneuverability on 
any board af any ang/e without 
adjustment. Counterweight provides 
“floating” action. Touch-control 
protractor speeds angle selection. 


Bruning Drafting Aids. They add 
up to hundreds of man-hours saved! 
Complete line includes everything 
from adjustable triangle for faster, 
occurate drawing of angles to special 
purpose templates for quicker, neater 
execution of symbols and shapes. 


Breaing rowing Meteriels, You | 


save because Bruning gives you the 
exactly right paper, cloth, film or 
ionally stable medium for the 
job. You keep saving because Bruning 
materials provide faster, easier 
drawing, sharper reproduction. 
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drafting 
is with higher-priced Copyflex reproduc- 
tion machines. He knows that the minutes 
and hours saved per drawing with these 
items multiply into big savings of hundreds 
of man hours each year. Even more, the 
right tools and equipment help draftsmen 
do better work, keep them happy and 


efficient in their jobs. 
Yqu’ll find, too, that the day- 
convenience and 


by-day 


savings of using your 


Bruning Man as the single, dependable 
source for all you need in drafting pays 


off in big annual dividends! Why not take 
a little time now to mail the coupon; it 


“can mean a lot to you, later. 


em mn a aa ann a ee eee ee eel 


| 
i 
. 
| 
I 


Bruning Electric Eraser. Minutes 
add up to hours saved over manual 
erasing. Bruning’s original hollow- 
shaft eraser features 7” erasers for 
extra economy and tracing protec- 
tion, provides convenient, finger-tip 
switch. Trouble-free sealed bearings. 
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Charles Bruning Company, Inc. 


Offices in Principal U. S. Cities 
In Canada: 103 Church St., 
Please send me information on 
0 Neoglide Drafters 
© Bruning Drafting Aids 0 


Nome Title 





Company 


Dept. 9-V 
1800 Central Road, Mt. Prospect, Illinois 


Toronto 1, Ontario 


Bruning Electric Erasers 
Bruning Materials 





Address a 





City County 








___ State__ 
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MAKE IT 


GUIET 


TO INCREASE SALES! 


Want to make your product stand out from the rest? Make it 
quieter. Use these fine H.H. Scott instruments to locate, measure 
and minimize noise and vibration. You'll hear a big difference in 


your product see a big difference in sales. 


Portable Sound Level Meter. Portable Sound Analyzer. Sepa- 
Smaii (2 ibs.) but rugged; battery- rates complex noise and vibra- 
powered. Easy to operate. Meets tions into component frequency 
A.S.A. specs. bands. 


4 


Write today for your FREE catalog of H.H. Scott Sound Instruments! 





STACOR /jovime Ouatiry WOODMASTER 
DRAFTING and DRAWING TABLES 


4 


° nae finished hardwood bases Selected Solid 
Basswood ops, kiln dried, smoothly finished, sealed and 
Zinc plated steel! end cleats 


Write for Complete NEW CATALOG Today! 


lacquered «¢ 


H.H.SCOTT @ STACOR were: 


H. H. Scott Inc., Dept. PE-9 111 Powdermill Road, Maynard, Mass. 
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a he NO. 40 
CIRCLE TEMPLATE . 


$1.00 AT YOUR LOCAL DEALER 


Y DOUBLE 


CATALOGUE NO. 49 AVAILABLE UPON REQUEST 
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Get the greatest benefit 
from Product Engineering 
by having your own sub- 
scription. 


Each week you can then read the 
articles and advertisements at your 
convenience—and set up your own 
information file. Use subscription 
card in back of this issue or write 
direct to: 


Circulation Manager 


Product Engineering 
23rd Floor 

330 W. 42nd St. 
New York 36, N. Y. 
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catalogs and bulletins continued 


(A-134) Drafting Room Equipment—Cata Now ! Get Famous 
sate taspiat Oe col other dae Paragon-Revolute Quality 


f uiture Stacor Equipment 


ot Sestak te ieee | and Advantages in New 
(A-133) Glass-lined Pipe—Bro hure, 8 pp Table Model Whiteprinter! 


Describe onstruction and installation of 
pipe whi h can be cut to length in field 
Pfaudler D Pfaudler Permutit In 
1000 West ve, Rochester, NY 


(A-136) Hour Meters—Catalog + pp 
Shows ac and dc meters for recording run 
ning time. John W Hobbs Corp, Div of 
Stewart-Wamer (¢ orp, Yale Blvd & Ash 
St, Springfield, Il 





(A-137) Reinforced Plastics—Bulletin, 4 
pp. Presents typical parts and application 
Includes description of stock tanks. Stru 
tural Fibers, Inc, Fifth Ave, Chardon, 
Ohio 





(A-138) Glass Reinforced Plastics—Bro 
hure, 4 py 
material and the capabilities of the plant 

Structurlite Plastics Corp 130 Newark Rd, ; 
Hebron, Ohio aa 
5 

(A-139) Instrument Cases—Catalog, 20 pp The great new 42" table model Revolute 

Explains construction and provides a Rockette brings the outstanding benefits 

, and quality of Paragon-Revolute diazo- 

type reproduction within reach of the 

smallest firm or department. It brings 

| sizable auxiliary capacity, with com- 

(A-140) Airborne Refrigeration—Data pactness, easily within the means of 

Shows pumps, water cooler ' larger firms. 

The Rockette offers important advan- 
tages not found in most table model 
whiteprinters. Its 42” printing width, 
15 fpm speed, and 1500 watt vapor lamp 
provide unusual operating flexibility and 
capacity. Synchronized developing and 
exposure speeds assure sharp reproduc- 
tion especially for longer prints. Exclu- 
sive patented perforated rollers provide 
faster development, shorter travel, and 
lower ammonia consumption. With the 
Rockette, you can utilize the widest range 
of materials to meet every reproduction 


requirement. Especially useful are inter- PARAGON 2 

mediates that expedite design changes, tees 

save many hours of drafting. REVOLUTE nee 4 

(A-143) Surface Hardened Rod—Catalog ey "ton ; BS : pa S| 
Procente specifeations of matecial and | fc. omnave everything to gain, nothing” pivisiow oF CARIES PRUNING CO., INC 
PP ee oe | to lose; by investigating this professional, aaumine 
pani f the fabricators. Thomson | low-cost whiteprinter. The coupon brings ,, , 4. .... « pochester 4 Mew You 
ndustries Inc, Manhasset, N1 you full details promptly. 


Explains advantages of the 


for standard models of aluminum cases 
Lists finish ind test TA Mfg Corp 


46 Alger St, Los Angeles 


\-141) Reproduction Equipment—Cata 
1) ot 








(A-144) Drafting Machine—Brochure, 10 
p. Desc large size and powered ma Paragon-Revolute 

in th protractor mounted in tracks. Advertising Department, Dept. P9-V 
Any lens offer niversal Drafting . 1800 Central Rd., Mt. Prospect, Ill. 
Machi i - rain Ave, Cleve- , Please send me information on your new 
land. Rockette whiteprinter. 


(A-145) Metal Tubing and Shapes Cata shone 9 
log, 48 pp. Illustrates full size over 5 
old formed metal shapes for which rolls Company 


and dies ar m hand. Van Huffel Tube Address r) eie 
Corp Wart . Ohio 


City sibs - 
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catalogs and bulletins continued 
(A-146) Electric Heating—Brochure, 4 pp ind hoods for moving gas rial sam} tions for making 
ur ' ' t tiot Radiator o, 709 S$ Mai 


Bostor quett I W is 


Illustrates sampling of components ind Westinghouse E] 
omplete units offered. Also  solderin Div, Hyde Park 


oe Mca — ae Sy OO 52) Electric Welded Steel Tubing 4-158) Aluminum Boxes—Cata 
] + pp. Tabulat i i | lin ns of round and 1 
(A-147) Gear Pumps—Bulletin | Lists available tvp Wheatland ‘ nd rs. Zero Mfg 

tion tables, dimensions and b Bankers Securit sldg, Phila tnut surbanl i 


n details of pumps for handling elphi a 
. ' (A-159) Magnesium Boxes—( 


hemicals up to 100,000 SSI 
ts dimensions of rectangul 


>< (A-153) Conveyors—Brochur ’ pp. | 
sures to 25U psi, capacities rr 


to | gpm Warren Pumps, Ir 
Warren, Mass 


ons f designing a w t I ind instrument 


(Jives instruct 
, 


mvevor system. Wire Belt ¢ tf Ameri » 1121 Che stnut St Burt 
River St, Winchester, Ma 
4-160) Aluminum Instrument Cases 


(A-148) The lastic Knobs—Brochur 
tent, eg ' 4-154) Wire Conveyor Belting—Bulletin tal 12 pp. Shows construction and 


pp. Presents dimensioned drawings of ai ins. 
+ pp. Shows wire size, mesh and load ist imensions of mulitary 1S¢ A001 


sample selection of standard knobs. Wate: PI " Belt ( \ : Tele. B 

: .) yacit iT oO ot meri I g Ur d hest St irbar | 
bury Companies, Inc, Box 1032, Wat rd ‘ en ie Chestnut irbank, a 
‘ River St, Winchester, Mas , 
vury, Conn (A-161) Instrument Housings—Cata 
(A-155) Centrifugal Castings—Brochur pp. Provides dimensioned drawing 
+ pp. Describes process and facilities for hcations for aluminum cas« 

naking machined stainless and ; \ ible. Zero Mfg Co, :1121 


Lists most popular ovs with Burbank, Cal 


(A-149) Thermosetting Knobs—Brochur 

pp. Presents dimensioned drawings of 
ample selection of standard plastic knob 
Waterbury Companies, Inc, Box 1032 


Waterbury, Conn 


istings 
properties and application onsil 

Stainless Foundry & Machin ' = (A-162) Modular Packaging 
(A-150) Environmental Chambers— Bro FE. St Paul Ave. Waukesha, W Show onstruction of 
hure 28 pp. Describes chambers 

furnish 125F to 600F atmospheres; pres (A-156) Clamps—Data sheet - } ontamers for any size Ob) 
ure altitudes to 100,000 ft; 20 to 95 Le S| heat for | 1] stnut St, Burl 


1umidity. Webber Engineering Corp, Box 


humidified alumi 


Gives material, size speci 
tubing, duct band clamps. Wittek 
217 Indianapolis Ind Co, 43 5-37 W 24 Pl, Chicago 23 \ 163) ( arrying C ases—( 
: I nts dimensions and 
(A-151) Fans—Catalog, 28 pp. Provides \-157) Heat Exchangers—Catalog, 15 py mmercial, dust and spray-tig] 
tables of dimensions, hp, cfm, rpm and Shows construction and specification o1 es for electronic inst1 
les tables, curv l hestnut St, Burbank 


‘ther parameters for choosing fan wheel tube and shell tvp luck 


ruments 





VERTICAL and ROLL FILES 
Engineered to save time, space and money 


Systematic filing is practically ? Valuable plans are fully pro- 


automatic; you find what you s tected; never dog-eared, muti- 
want in seconds... reducing lated or lost... saving more 
clerical time and overhead. timeand replacementexpense. 
PLAN HOLD Vertical and Roll Files come in fixed, mobile or portable 
units and security cabinets. See them at your engineering supply or 
office equipment dealer. Or write direct for illustrated catalog and 
price list to: 


PLAN HOLD CORPORATION Dept. 60 
5204 Chakemco St., South Gate, Calif. 
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METALS 
AND ALLOYS 


Design Abstracts 
A Look at Copper Corrosion 


Cross-reference Charts for Die-casting Alloys 


Austenitic “Cold Working” for Ultra-strength Steel 
by D. J. Schmatz, J. C. Shyne and V. F. Zackay 


For High Temperatures These Metals for Magnets 


Chemical Resistance of Zirconium, Titanium, Tantalum and 
316-Stainless Steel 


Spring Material at High Temperature 


Beryllium—What It Can Do and How It Can Be Worked 
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DESIGN ABSTRACTS 


de Uae. 


CORRUGATED- 
SANDWICH 
STRUCTURES 


[his paper describes the develo 


+ 


ment of forming and joining tec! 


+ 


niques for corrugated-sandwich stru 


l'echniques developed includ 
manual and automatic fusion 
resistance spot welding, and 
tungsten-arc spot welding. Evaluation 


of welding methods is based on result 


yf tensile-shear tests and metall 


graphic examinations \pplicabilit 
rf the techniques developed to oth 


try 


types of corrugated sandwich-stru 
issemblies is considered 


“Developing of Forming and Joining Tech 
niques for Corrugated-sandwich Structure 
H. Smallen and R. P. Romaine, Moterials Re 
search Laboratory, Norair Div, Northrop Corp 
Hawthorne California Welding Journal 
April 1960, 20th and Northampton Streets 
Easton, Penna 


* 


Low-friction Metals 
A very low friction, about 
observed 


— } ly ¢ ld 
iprocating sliding of gold 


been unexpectedly 


ind platinum. It was 
istics common 


soft metal 


tr 


sub 
oxide or soft oxide 


Low Friction of Metals in Reciprocating Slid 


ing Yasukatsu Tamoi, Aeronautical Re 


search Institute, Meguro, Tokyo, Japan. Jour 
nal of Applied Physics, Dec ‘59, 335 E 45th 
St, New York 17 


- 


Permanent Magnet Materials 
While the bulk of the present-d 
requirements for permanent magnet 
ire met by the aluminum-nickel dis 
persion-hardening alloys with the 
high nagnetic properties, i.e., the a1 
Alcomax allovs and the 
loys Alni and Alnico, thes« 
to serious mechanical | 
ind are only suitable for fabr 
yr sintered forms w 
restrictions. Thus a demat 


] 


steel magnets continues, p 


where complexity of shap 


yf machining makes 


to employ magnets from 


newer alloys and where reasonable, 


rather than outstanding, magnetic 


More r¢ 


cently, too, considerable advances have 


properties are called for 


been made in the production of non 
metallic or co-called “‘ceramic’”” mag 
nets based on ferrities. The high co 


ercivity of these materials permits 
very short length/section ratios, al 
though remanence is low and_ the 
temperature characteristics unfavor1 
ible. Seven tables of materials are 
included 

How to Select Permanent Magnet Materials,’ 
R. H. Warring. Engineering Materials and De 
sign, April 1960, Drury House, Russell St, 
London, W.C. 2, England. 


* 


Fractures in Aluminum 
An understanding of fracture pat 
terns often will give a valuable clue as 
to the cause of failure of a welded 
joint. Defects in weld metal, such as 
hot cracks and crater cracks, will 
exhibit a fracture pattern quite unlik« 
that of sound weld metal The pur 
pose of this paper is to help the ob 
recognize this unusual pattern 
» understand its significance 


How to Interpret Fractures in Aluminum Weld 
Metal William Ll. Burch, Bell Aircraft Cors 
Buffalo, NY. Welding Journal, Apr ‘60, 20th 
and Northampton Streets, Easton, Penna 


- 


Factors Influencing Corrosion 


Both external (such as pH of solu 
tion, stray electric current inhibitors 
ind stimulants) and internal (position 
in periodic table, stresses ind surfac 
influencing rate 


ynditions) factors 


ind distribution of cort 
cussed 


Factors Influencing Corrosion,” G V Akimov 
Chapter 5 of book Theory and Research 
Methods of Metallic Corrosion” (USSR). Corro 
sion, Sept 1959, 1061 M & M Building, Houston 


” 


Creep Resistance of 
Molybdenum 

Results of high-temp 
pressive and tensile c1 
single and polycrystalline 


molybdenum are given 


in four stages: random orientation, 


metastable locking, substructure fo 


mation, substructure coarsening 


“Effect of Prestrain and Polygonization on 
Creep Resistance of Molybdenum,” lannucci 
Intrater and Weinig, Materials Research Corp 
American Institute of Mining and Metallurgical 


Engineers, 29 W 39th St, New York 18 


Creep Resistance 

Properties of allovs offering good 
resistance to creep; testing procedure 
ind factors influencing material sele« 
tion are discussed 
Choosing Metals and Alloys for Creep Re 
sistance M. G. Gemmill, Central Electricity 
Governing Board (Great Britain); Engineering 
Materials and Design, Nov ‘59, Drury House, 
Russell St, London, WC 2, England 


— 


Information on 
Magnetostriction 


59 pages of abstracts from technica 


literature on the subject, from 190! 


to 1959 


Informative Abstracts on Magnetostriction 
in Cobalt and Cobalt Alloys Ellis Fletcher 
Battelle Memorial Institute. Cobalt Informatior 
Center, 505 King Ave, Columbus 1, Ohio 


Metals at High Temperatures 


lew high-tempera 


yf determining i 


4 
it 


‘ 
: _ 
behav oO! if nigt 
tt hardness a1 
' , 
mental data analyz 


Tain size compositi 


insformations are dis 


ips between hardness and 


' 
strength, creep and creep-rup 


thy vhavior are summarized 


Survey of Various Special Tests Used to De 
termine Elastic, Plastic and Rupture Properties 
of Metals at Elevated Temperatures F. Garo 
falo, US Steel Corp; ASME paper 59-A-112 
ASME 29 W 39th St, New York 18 


Structure Foil 


An ill-spot welded, foil-g 
ural material for elevated 


t tempel! 


tures, stiffened by corrugation, is 


scribed. Strength is equivalent 
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double-skin brazed sandwich construc- 
tion of equivalent weight. 
products and some design problems 
are discussed. 


Sample 


“Structural Foil for Hot Parts,’ M. J. Bretenbach 
and Brooks Lake, Ryan Aeronautical Co. So- 
ciety of Automotive Engineers paper 99T, 485 
Lexington Ave, New York 17. 


* 


Acoustic Fatigue 
Characteristics of 
Aluminum Panels 

Panels 11x13 in. of 2024-T3 alu 
minum were exposed to discrete noise 
from a siren and random noise from 
and air jet, with noise levels varving 
from approximately 140 to 161 db 
Panel variables included thickness, 
edge condition, curvature, static pres- 
sure differential. 

Differences in failure times are 
given as a function of noise level and 
panel thickness, curvature and static 
pressure. Feasibility of locating weak 
points in panels by this means and ot 
predicting fatigue life are 


discussed 


‘A Study of the Acoustic Fatigue Characteris- 
tics of Some Flat and Curved Aluminum Panels 
Exposed fo Randam and Discrete Noise,” Hess, 
Herr and Moyes, Langley Reseach Center, 
NASAIN D-1. National Aeronautics and Space 
Administration, Washington 25, D. C. 


* 


Design of Heavy-duty 
Iron Castings 

After a brief description of foundry 
practice, such factors as reduction of 
stresses in castings, designing for mini- 
mum cost, designing for optimum 
ease of machining are discussed. A 
page of drawings gives some sugges- 
tions for design details. 


“Design of High-duty Iron Castings,” E. G. 
Donaldson, International Meehanite Co, Lid. 
Engineering Materials and Design, April ‘60, 
Drury House, Russel St, London WC 2, 
England. 








* 


Manganese in Iron 

Manganese has two important roles 
in iron and steel. It combines with 
sulphur to form manganese sulphile 
rather than iron sulphile. Iron sulphide 
is considered undesirable for two rea- 
sons. It solidifies after the main part 
of the iron and forms a film-type of in- 
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clusion around the eutectic cells 
(grain). This can materially embrittle 
the iron. (This condition would only 
result from extremely high sulphur 
contents possible about 0.25 or 0.30). 
Also, iron sulphide is a strong car- 
bide stabilizer and tends to make the 
thinner sections of a casting white. 
White iron stabilized by sulphur is so 
difficult to anneal that it is not usuall\ 
practical, 
“Better Properties at Less Cost—Via Man- 
ganese,” Charles F. Walton, Technical Director, 
Gray Iron Founders’ Society, Inc. Gray Iron 


News, September, 1959, National City-E. 6th 
Bldg, Cleveland 14, Ohio. 


* 


Eutectic Structure in Gray Iron 
Some Russian work that was pub 
lished in 1953 but has only recenth; 
come to attention provides a new and 
interesting insight into the mechan 
ism of eutectic solidification in gray 
iron, 
Eutectic Structures in Gray Iron,” by Professor 
John F. Wallace, Case Institute of Technology. 


Gray Iron News, December, 1959, National 
City-E. 6th Bldg, Cleveland, 14, Ohio. 


* 


Keeping Corrosion Out of 
Aluminum Structures 

Although aimed primarily at de 
signers of transportation equipment, 
basic considerations should apply to 
other types of products for use out- 
doors or with harmful liquids. In 
cluded in discussion are some data on 
choice of materials, joint design, pro- 
vision for drainage and other factors. 


“Tips on Making Aluminum Structures Corro- 
sion-tree,” Weltman and Bast, Aluminum Co 
of America. SAE Journal, March ‘60, 485 
Lexington Ave, New York 17. 


* 


Titanium-clad Steel 

Because titanium resists corrosion 
by nitric acid, wet chlorine, sea water, 
and many other corrosive liquids, it is 
of great interest to the chemical, food, 
and other process industries. However, 
the high price of solid titanium re- 
stricts its use. The obvious answer is 
cladding. If steel could be successfully 
clad with a layer of titanium, this 
would offer not only considerable cost 
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savings to potential users, but also a 
greater variety of gage and size of 
plates. which are not available in 
titanium mill products alone This 
article is a progress report 

“Cladding Steel With Titanium . . . A Progress 
Report,” J. L. Ma and C. Wright, Jr., Research 
Dept, Lukene Steel Co, Coatesville, Pa. Metal 
Progress, May 1960, Metals Park, Novelty, 
Ohio. 


* 


Fractures in Aluminum 

An understanding of fracture pat 
terns often will give a valuable clue as 
to the cause of failure of a welded 
joint. Defects in weld metal such a 
hot cracks and crater cracks will ex 
hibit a fracture pattern quite 
that of sound weld metal. The pi 


unlike 


pose of this paper is to help the ob 
server recognize this unusual patter 
ind to understand its significance 


“How to Interpret Fractures in Aluminum Weld 
Metal,” William L. Burch, Bell Aircraft Corp, 
Buffalo, NY. Welding Journal, April 1960, 20th 
and Northampton Streets, Easton, Pa. 


* 


Mechanical Properties of 
Metals in Design 

How to use test 
properties as fatigue, 
sion, brittle fracture and 


results 

selective 

other majo 
causes of failure is described. ‘Tensil 
strength is also discussed, along with 
hardness and various types of impact 
testing procedures. 


“Significance of Mechanical Properties of Metals 
in Design,” D. Birchon, Admiralty Materials 
Laboratories. Engineering Materials and De- 
sign, Aug-Sept 1959, Drury House, Russell St, 
London WC 2, England. 


* 


Gear Materials 

Ten alloys, eight of them commer- 
cially available and including tool, 
die and other steels and titanium, 
were tested in a device patterned afte: 
a Kelley roll tester to evaluate re 
sistance to scoring at 700 F. Results 
obtained indicate that resistance cor 
relates fairly well with surface hard 
ness. 


“Evaluation of Gear Materials Scoring at 700 
F,” Jackson, Muench, Scott, General Electric 
Co. American Society of Lubrication Engineers 
paper 591C-6, 5 N Wabash Ave, Chicago 2, Ill. 
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From: Company Bulletin 


This rundown of how electro-chemical and mechanical 


action can cause trouble will help when it becomes necessary to take . 


A LOOK AT COPPER CORROSION 


Bn order to make proper choice of a metal, it is necessary 
not only to evaluate the conditions under which it will 
be used but also to know what type of corrosion may be 
expected on certain alloys under these conditions. Here 
is a rundown of the various types of corrosion to watch out 
for in copper and copper alloys. 


DEZINCIFICATION 


Dezincification is a type of corrosion in which brass 
dissolves as an alloy and copper redeposits as a metal but 
in a porous form. The zinc constituent of the brass may be 
carried away as solution zinc salts by the corroding solution 
or may be deposited in place in the form of insoluble zinc 
compounds. Dezincification corrosion may proceed uni- 
formly or locally. The former, called layer-type dezincifi 
cation, most often occurs in acid environments. The 
latter, called plug-type dezincification, most often occurs 
in alkaline, neutral or slightly acid environments. 

Copper-zinc alloys of duplex or two-phase grain struc 
ture often dezincify in two stages. The zinc-rich beta 
grains are dezincified first; then as corrosion proceeds the 
alpha grains become dezincified. The several types of 
dezincification are illustrated in Figures 1, 2 and 3. 

High temperature and low velocity of the corrosive en 
vironment accelerate dezincification corrosion. Brasses con- 
taining not more than 15% zinc are highly resistant to 
dezincification. In the development of admiralty and naval 
brass for sea water applications, an addition of tin was 
found to have some effect in reducing dezincification cor- 
rosion. Arsenic, however, is more effective and a nominal 
0.04% of this element is now added to admiralty and 
aluminum brass to inhibit dezincification. Arsenic is not 
useful in alpha-beta brasses, because it does not inhibit 
dezincification of the beta phase. 


PITTING AND DEPOSIT CORROSION 


Pitting corrosion is localized accelerated attack resulting 
in the formation of cavities around which the metal is 
relatively unattacked. Pitting is due to the occurrence 
of strongly anodic areas which may be set up by widely 
differing factors 

Deposit corrosion is a form of pitting that occurs under 
porous deposits of corrosion products or deposits of foreign 
matter. Metal beneath a deposit becomes anodic to metal 
away from the deposit. The mechanism has been attrib- 
uted to differential aeration, in which the anode of the cell 
is an area shielded from oxygen (air). Since copper alloys 
are highly resistant to differential aeration corrosion other 
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factors may be involved in deposit attack; in any case, this 
type of pitting is an infrequent cause of failure of these 
alloys. An example of deposit corrosion is shown in Figure 
4. This pit formed in the wall of an uninhibited admiralty 
condenser tube where the sea water used for cooling con 
tained paper pulp. Pulp settling on the tube wall was the 
deposit. The relatively large particles in the pit are crystals 
of redeposited copper which may have been formed because 
the pump maintained a high copper-ion concentration in 
that area 


IMPINGEMENT CORROSION 


Another type of pitting, called impingement corrosion 
or corrosion-erosion, is caused by the turbulent flow of a 
solution over a metal surface. Protective films are thereby 
removed or prevented from forming. Pits are often in the 
form of “horse-shoes” with the toe pointing in the up 
stream direction, although sometimes elongated pits are 
formed which tend to be undercut on the downstream end 
Air bubbles which are large enough to be either broken up 
or readily distorted by changes in pressure at the surface of 
a metal act as accelerators of this type of corrosion. Actively 
corroding impingement pits are free from corrosion prod 
ucts. Impingement corrosion may occur where water, 
fresh or salt, or chemical solutions flow turbulently over 
or against a metal surface, but this type of corrosion is 
most often encountered in tubes in condensers and heat 
exchangers handling sea water at excessive velocities 
Figure 5 illustrates this type of corrosion. 


STRESS-CORROSION CRACKING 


Stress-corrosion cracking (often called “season cracking” 
is the cracking of metal from the combined action of 
localized corrosion and stress, residual or applied. Residual 
stresses are those that remain as the result of cold defor- 
mation; applied stresses are those that are set up and 
exist due to an external load. Moist ammonia in the pres- 
ence of air is the cause of stress-corrosion cracking of cop- 
per alloys. The limiting amount of ammonia in the atmos 
phere causing stress-corrosion cracking is not known, but 
it is known that only very small amounts are necessary 
when the other factors contributing to this type of failure 
are present. The source of ammonia need not be a leak 
in equipment holding ammonia but can be the bacterial 
decomposition of moist organic matter. Stress-corrosion 
cracks in copper alloys generally follow an intergranular 
path but in some cases the cracks are transcrystalline. 
These two types are illustrated in Figures 6 and 7. 
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2. PLUG-TYPE dezincification of Yellow Brass 


in contact 
fresh water. 4.4) 


1. LAYER-TYPE dezincification of Leaded Yellow Brass 
55x 


with sea water 20 months 


Totally 
dezincified 


Uncorroded 
meta/ 


of Muntz Metal in contact with 


- DEPOSIT PITTING in uninhibited Admiralt 
x 


3. TWO-STAGE dezincification 


fresh water. 7.3X 


6. INTERGRANULAR STRESS-CORROSION cracking of 
the 


Brass tube from oil refinery heat exchanger. This is 


IMPINGEMENT CORROSION on the inside of an = pry» -Agpeena 
path taken by stress-corrosion cracks in brass. 64X 


s. 
condenser tube from a ship's condenser operating with a high sea- 
water velocity. Direction of water flow, right to left. 4.4X 
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7. TRANSCRYSTALLINE STRESS-CORROSION cracking of Ad- 
miralty tube from refinery oil cooler. 48 


8. CORROSION-FATIGUE cracking of an Aluminum Brass cor 
denser tube after three months service in a power station condenser 


48x 


Studies in the laboratories of The American Brass Com 
pany have indicated that all copper alloys may stress-corro 
sion crack under certain conditions, but brasses containing 
more than 15% zinc are more subject to this phenomenon; 
these conclusions have been corroborated by service experi 


ence. 


Stress-relief annealing 


The cracking of brasses by stress corrosion due to re 
sidual stresses from cold forming can be avoided by heating 
the formed article at about 527 F to 572 F for one-half 
hour. This does not appreciably affect the physical prop 
erties of the alloy. Other copper alloys may require an 
anneal at higher temperature and less time. 


CORROSION FATIGUE 


The simultaneous action of cyclic stresses and corro 
sion may result in cracking failure called corrosion fatigue. 
Failure occurs by the propagation of transcrystalline cracks 
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which often start at pits that act as stress raisers. Cracks 
caused by corrosion fatigue may be differentiated from 
transcrystalline stress-corrosion cracks because the former 
often show indications of slight work-hardening in the 
vicinity of the crack. Condenser tubes that have failed in 
this manner often show abrasion marks where the vibrat 
ing tube has rubbed against a neighboring tube. A typical 
corrosion-fatigue crack is shown in Figure § 


GALVANIC CORROSION 


Corrosion that occurs when dissimilar metals are in con 
tact in the presence of an electrolyte is called galvanic cot 
rosion. The standard potential or the position of a metal 
not always indicate how 


SCTICS do S 


in the electromotiv 
dissimilar metals will behave when coupled together. 
Whether a metal in contact with another metal will cor 
rode or cause the other metal to corrode depends on many 
factors, among which are the electrical conductivity of the 
solution, the presence of air or an oxidizing agent, the 
relative tendency of the metals to go into solution, and 
the polarization characteristics of the metals. For example, 
galvanic corrosion will be slight in a neutral, distilled water 
compared to the galvanic corrosion in an acid solution. 
Galvanic corrosion of the metals commonly used in hot 
water heating system not significant because the air is 
removed from the water on heating and is vented 

Che important effect of polarization on galvanic corro- 
ion is illustrated by tests made in the laboratories of The 
\merican Brass Company indicating that cupro nickels in 

ntact with cast iron would readily polarize in sea water 
nd cause less galvanic corrosion than would copper 

In general, excessive galvanic corrosion does not take 
place when copper is coupled to its alloys or when different 
ypper alloys are in contact with each other. The amount 
f galvanic corrosion on a less noble metal will depend 
on the relative areas of the two metals in contact and the 
potential or voltage existing between the two metals in 
1 given environment.: For example, large areas of copper 
or its alloys should not be coupled to small areas of reactive 
materials such as iron, zinc or aluminum in corrosive en 
vironments; on the other hand, the coupling of a copper o1 


copper-alloy part having a small area relative to the area 
‘f the more reactive metal is usually quite safe. 


A FURTHER LOOK 


If corrosion products can form an adherent, non-porous 
coating on the metal, they will protect the metal from 
corrosion and the over-all protection will depend to a large 
extent on the solubility of the particular corrosion products 
in its environment. 

Many of the corrosion products formed on copper and 
its alloys have low solubility and form adherent, relatively 
impervious films which help make these metals highly re- 
sistant to corrosion in many media. Because the extreme 
importance of films of corrosion products in protecting 
metal from rapid attack, make sure that any conditions 
which tend to remove these films are avoided. Otherwise, 
corrosion will be speeded to an unacceptable rate, and prod- 
uct life can be critically reduced. 

REFERENCE 
Corrosion Resistance of Copper and Copper Alloys published by 
The American Brass Company, Waterbury 20, Connecticut. 
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cross-reference charts for... From: Standard Sheet 


DIE-CASTING ALLOYS 


For zinc, aluminum, magnesium, and copper alloys. 


Zinc Base 


Commercial Designation 


ai . Nominal C iti 
The charts below provide a means of readily we ones ane saint —aaeeeemnenes 


identifying the commercial alloy designation B Designation 
. . ° Specifying General Used in 
of a die casting from the alloy designation Symbol Organization Spec. No. Specifications 
appearing in Government or other standard 
specifications ASTM American Society for Testing B86 AC41B 
Materials 











REFERENCE SAE Society of Automotive Engin- 903 


925 
Alloy Cross Reverence Charts, ADCI-MI-55T, “— 


published by American Die Casting Institute, Inc, FED Federal Specifications QQZ363 A 
366 Madison Ave, New York 17, NY 6 


AMS Aeronautical Material Spec. 4803 


Aluminum Base 


Commercial Designation 


Nominal Composition 








Specifying 


Symbol Organization Designations Used in Specifications. 





ASTM Amer. Soc. for Testing Matis, SGIO00A GBA SCII4A | SSC 
j SC84B $G100B 





SAE Society of Automotive Engineers, 306 
305 308 309 304 
FED Federal Specifications Q@QA-591a-1 Comp No. 1! Comp No. 10 | Comp No. 12 Comp No, 7 Comp No. 3 
Comp No. 2 | Comp No. 11 | Comp No. 12a 


Military Specifications MIL-A-15153a || Class 1 Class 10 Class 9 Class 7 Class 3 
Aeronautical Materia! Spec. 4292 4291A-2 4290E 
AF Air Force MIL-A-8294 Comp No. | Comp No. 2 
* These alloys available in two grades with different iron analysis levels The lower iron grades are 


A380 and A360 


Magnesium Base Copper Base 


| 
Commercial Designation AZ9IA | AZ9IB 
— — eee — Commercial | 
Al 9% Al 9% Designation Z30A ZS331A ZS144A 
Nominal Composition Zn 0.7% | 1n 0.7% 











Nominal | 60% | Cu 65% Cu 81% 


Cc Os. Si 1% Si 4% 
Specifying General Designation Used whit vote 


Symbol Organization Spec. No. in Specifications Genera Designation Used 
| Spec. No. in Specifications 

ASTM | American Society for Testing | B94 AZ9IA | AZ9IB = 

Materials B-176 (ASTM) ZS331A ZS144A 


SAE Society of Automotive Engineers 501A 





FED | Federal Specifications QQ-M-38 
| 


| 


AMS | Aeronautical Material Specs | 4490D 














PRODUCT ENGINEERING — Mid-September, 1960 





e % METALS AND ALLOYS 


From: Metal Progress 


Austenitic “Cold Working” 
for ULTRA-STRENGTH STEEL 


Need for materials with higher strength-to-weight ratio 


has motivated the search for new heat treating processes 


for steels. Key to a new technique is plastic deformation 


within a certain temperature range, then quenching 


D. J. SCHMATZ 

J. C. SHYNE 

V. F. ZACKAY 

Scientific Laboratory, Ford Motor Co. 
Dearborn, Mich. 


Stee! can be improved by austenitizing it, quenching it 
to the austenitic “bay” between pearlite and banite where 
it is plastically deformed, then quenching it to room tem- 
perature. 

The decomposition of austenite to nonmartensitic prod- 
ucts, is minimized by choosing steels with high harden 
ability, and limiting the temperature range for deformation 
to the austenitic bay from which the steel is quenched 
to martensite. 
trated in Fig. 1. 
and carbon content are significant variables. 

[he nominal compositions of steels examined at the 
Ford Scientific Laboratory were 0.48% C (steel 48) and 
0.63% C (steel 63), with 3 Cr, 1.5 Ni, 0.75 Mn, 0.5 Mo 
and 1.5 Si. 

Present indications are that nonmartensitic transforma 


Essential features are schematically illus 
Microstructure, degree of deformation, 


tion products are detrimental. The mechanical properties 
of steel 63 (deformed 90%) plotted against tempering 
temperature are shown in Fig. 2. One group of specimens 
was immediately oil quenched after deformation, while 
the others were air cooled to permit some nonmartensitic 
decomposition. The tensile and yield strengths of the 
steel containing nonmartensitic products were lower than 
its oil quenched counterpart. Ductility of both steels was 
found to be comparable. 

Differences in microstructure suggest the reason for 
the superior strength of the oil quenched steel. It was 
essentially martensitic; however, the air cooled structure 
of steel 63, shown in Fig. 3, contained extensive non- 
martensitic products on slip bands and on twin interfaces 
These delineate the extent of metal flow, and their curved 
and intricate pattern indicates the absence of recrystalliza 
tion in the severely deformed steels. 


PROCESS REFINES MICROSTRUCTURE 


Steels which have been Ausformed (“Ausform” is a 
Ford Motor Co. trademark) contains a refined microstruc- 


64 


Austenitiz 


ose ne Sawa 


Temperature 


OV 


7 
( Transformation stort 


a ee 





Deformation range 
/ 


a oy ih ieclAcdiominsgn 





Transformation stort 


te 
2 


1—TEMPERATURE-TRANSFORMATION-TIME DIAGRAM [or steel 
showing features of ausforming—austenitizing and quenching to 


the metastable austenic zone where the steel is deformed 


ture Electron photomicrographs of a carbon steel are 
shown in Fig. 4 (no austenitic deformation at left; de 
formed 93% at right). Both samples were oil quenched 
and tempered at 400°F for 1 hour. The largest marten 
site plate shown in the electron micrograph of the de- 
formed steel is 14 microns long. Martensite plates in the 
same steel, undeformed, measured about 34 microns. 

A relationship exists between the yield and fracture 
stresses and the size and distribution of microconstituent 
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OCD Oil quenched 
@M@A Air cooled 


Tensile 


¢ 


f f 
/ 
/ 
TOA fi 
/ / 
Yield’ a / 


~af 


rf 


¢ 
Elongation 
2——EFFECT of nonmartensitic decomposition products on aus- 


-5 Ni, 0.75 Mn, 0.5 Mo, 1.5 Si, 0.63 C 


90% deformed. The air cooled stee! contained some ferrite-carbide 


formed steel 68 (38 Cr, 


aggregates; the oil quenched steel was martensitic. 


3—-PHOTOMICROGRAPH OF STEEL 63 (0.63% C) deformed 
90% in the metastable austenitic condition and air cooled to permit 
formation of nonmartensitic products. 2000 X 


in Ausformned steels. The microconstituent size is de 
pendent in turn upon the prior austenite grain size and 
the degree of deformation. 


AUSTENITIC DEFORMATION INCREASES STRENGTH 


Preliminary observations show that a critical amount of 
deformation is required for a significant increase in me- 
chanical properties. Since large amounts of deformation 
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4—ELECTRON MICROS of a 0.40% C steel. Left——Oil quenched 
from the austenitizing temperature and tempered 1 hr. at 400° FI 
Right Ausformed (98% reduction) and tempered for 1 hr. at 
100° F. Deformation has refined the structure 15.000 X 


are necessary for significant improvement in properties 
and nonmartensitic products should be avoided, both de- 
formation temperature and composition are critical Op 
timum properties are obtained only by deforming in the 
temperature range of an austenitic bay. The extent of 
the austenitic bay is determined by the steel composition 
Steel 48 was deformed 0, 50 and 90% and oil quenched 
Its yield and tensile strength and elongation are shown 
as functions of tempering temperature in Fig. 5. Large 
increases in both the yield and tensile strength occurred 
after both 50 and 90% reduction. The data for the 0 
and 50% deformations were taken from specimens } in 
in diameter; however, the smaller finished bar of the 90 
deformed material necessitated use of a specimen with a 
reduced section 4 in. in diameter. For this reason, the 
comparative elongation values should be regarded as quali 
tative. In general, best ductility was obtained at a low 
tempering temperature and high rate of deformation 


INTERSTITIAL CARBON IMPORTANT 


Hardness and strength of martensite are known to be 
functions of the interstitial carbon content. The effects of 
carbon on the mechanical properties of steels 48 and 63 
deformed 90% are illustrated in Fig. 6. The higher-carbon 
steel exhibited a greater strength over the complete tem 
pering range. An ultimate tensile strength of 464,000 psi 
was observed for this steel after a 212° F temper. Yield 
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Strength, 1000 psi 


S—EFFECT of austenitic deformation 
and tempering temperature on mechani- 
cal properties of Steel 48 (3 Cr, 1.5 Ni, 
0.75 Mn, 0.5 Mo, 1.5 Si, 0.48 C). 





Historical 


A decade ago, martensitic steel of S.A.E. 
1340 type, oil quenched and tempered at 
900F to a tensile strength of about 200,000 
psi, was acceptable to the aircraft industry. 
The high tempering temperature was used 
to obtain specified elongation and impact 
toughness. Since then, the development of 
ultra-high-strength steels has been based 
on tempering temperatures below the so- 
called “500F.” 

A promising hardening technique was 
suggested by the Dutch scientists E. M. H. 
Lips and H. Van Zuilen. They reported 
unusually high tensile strength for a steel 
of high hardenability which was heat treated 
to a metastable austenitic condition, severely 
deformed between its recrystallization and 
martensitic transformation temperatures, 
and then transformed by cooling to room 
temperature. 

Work at the Ford Scientific Laboratory 
has confirmed the feasibility of this sort of 
thermal-mechanical processing. 











strength rose sharply and uniformly above 350° F to about 
400,000 psi after tempering at 600° F. 

rhe elongation of steel 48 was generally greater than 
that of steel 63. This trend in rising strength and falling 
ductility with increasing carbon content was similar to that 
observed in conventionally heat treated martensitic stecls. 
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400 600 


Tempering temperature, °F 


ODS Steel 63 
@ BA Steel 48 


a 
rat ng 


Elongation 


0 


200 400 600 
Tempering temperature, °F (! Hr) 


6—EFFECT OF CARBON on tempered steels which were deformed 
90% while in the metastable austenitic condition. 


REFERENCE 

Austenitic “Cold Working” for Ultra High Strength by D. J 
Schmatz, J. C. Shyne and V. F. Zackay, Scientific Laboratory, 
Ford Motor Co, Dearborn, Michigan. Published in Metal Prog 
ress, Sept 1959, P 66. 
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METALS AND ALLOYS :-a 


for high temperatures these... 


METALS tor MAGNETS 


Magnetic materials with high Curie points and satisfactory 


metallurgical properties retain enough magnetization for 


use at high temperatures. 


P ernanent magnets able to retain a substantial portion 
of their magnetic properties at 500 C are needed in elec- 
tronic components expected to operate in a nuclear en- 
vironment. Within 5 to 10 years, new military aircraft 
ind missiles will have temperatures over 500 C through- 
mit most of the aircraft. 

Components which require permanent magnets and 
which are likely to feel the effects of this advance in op 
erating temperature include traveling-wave 
tubes, magnetrons plus servo components and other small 
motors. 

Investigations by Armour Research Foundation and 
Stanford Research Institute on temperature effects on 
typical permanent magnetic materials are summarized in 
able I and Fig. 1. The data are also useful in designing 
below and above 500 C. 

Design considerations—The Alnicos produced by several 
manufacturers are generally considered usable at 500 C. 
Except for Alnico III and the steels, however, the materials 


tranducers, 


Table |—Properties of 12 


Residual Mox. 
Flux Coercive 

Density Force 

(Gouss) Oresteds 


Alnico | 7100 400 
Alnico ll. . . ; 7500 560 
Alnico lil 7000 470 
Alnico IV . 5500 730 
Alnico V 12,700 650 
Alnico Vi. . 10,100 750 
Alnico Vil 7000 1050 
Alnico Xi. 6100 1000 
indalloy. . . 9000 240 
Remalloy. . 10,000 | 230 
Carbon steel 10,000 50 
Tungsten steel 10,300 70 


wn 
So 


“OR Ww — 


s38 


- 


E 
88828883 


contain cobalt. The fact that cobalt will become radio- 
active in a nuclear environment should be considered in 
overall system design. 

Loss of remanence may be compensated for by over- 
design or by preaging the material at the operating tem- 
perature to offset irreversible magnetic changes due to 
temperature rise. Coefficients of thermal expansion for 
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Gouss Curie 


at 
(BH)mox 


10,400 880 535 








Temperature, C 


1.. MAGNETIC REMANENCE plotted against temperature 


Permanent Magnet Materials 


Permanent 
Temp Change 
(Cc) (c) 


Magnetic Losses at 500 C 





4000 870 535 
4600 800 535 
4500 725 480 
3100 880 535 


(Retain 75% (Alnico |) to 90% 
(Alnico V) of magnetization 


(BH)max and coercive force 
| decrease 10-20% 

7000 880 535 
3700 870 

3200 ene 


~- V and VI usable to 700 C with 
(20% loss 

Degrades but usable 

10-20% loss of remanence 


6900 900 . 
6200 770 ’ 


6800 } pMay be used, but loses remanence 


these materials are similar. The Alnicos being hard and 
brittle, are cast and finished by such methods as grinding, 
while the steels are ductile and machinable. 


REFERENCE: 
Hard Magnets for 500 C by George Sideris, Associate Editor, 
Electronics. Published in Electronics, Jan 9, 1959, p. 63. 
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chemical resistance of 


From: Laboratory Report 


ZIRCONIUM, TITANIUM, TANTALUM 


and 316-STAINLESS STEEL 


Tabulated findings include solution concentration 
in per cent, temperatures in degrees F, and re- 
sistance to attack graded as follows: Excellent— 
less than 0.0005 in. penetration per year; good— 
0.0005 to 0.005 in. per year; fair—0.005 to 0.010 


Titanium Metallurgical Laboratory Report #5 


in. per year; poor—more than 0.010 in. per year 
This table was specially revised for PE. 
REFERENCE 

7, Battelle Memo 
Ohio 


rial Institute, Columbus, 





ZIRCONIUM 





TITANIUM 


STAINLESS STEEL 
TYPE 316 





Acetic Acid 


Aluminum Chloride 


Aamusetom Mydroxide 
| 


pram Regie 


Calcium Chloride 


Carbon Tetrachloride 


Chlorine ! Saturated bi H:.0 


Chromic Acid 


Copste Chloride 
i 


Ferric Chloride 


Formic Acid 


| 20 to 30%, 75 to 


20, 30, 50%; 


5 to 99.5%, 140 to 212 F, excellent | 


- | 
212 F, excellent | 


| 10% 


28%, 75 to 212 F, excellent | 


65 to 140 F, poor 


| 


68 


120, 313 F, excellent 


100%; 75 to 120 F, excellent 


“Room temp., excellent 


10, 20, 30%; 68, 120, 212 F, excellent 





| 1 to 25%, 95 F, poor 


95%, boiling, excellent 


| 2.5 t0 30%, 65 to 212 F, poor 


| 90% 68, 120, 212F boiling, excellent 


H:0 Setureted, Chlorine 


Hydrochloric J Acid 


edna Gumetie 


Lactic Acid 


Seventies Chloride 





Mono-Chloro Acetic 


Nitric Acid 


Oxalic Acid 


Phosphoric Acid 


Sodium Chloride 


Sodium Sedeside 


Sulfuric Acid 


Room temp, poor 


Dilute—excellent, oll temps, 
concentrated at room—excellent 
concentrated at boiling—poor 


10%, 120 F, excellent 


5 to 85%, boiling excellent 


1% to saturated, 951 to 212 F, 
excellent 





10% to concentrated, 65 to 212 F, 


100% boiling, excellent 


excellent 


1 to 25%, 212 F, excellent 


10 to 85%, 75 to 212 F, excellent to 


3%, 95 F, excellent 


5 to 95.5%, boiling, excellent 
5,10%, 68F, excellent 
40%, 250 F, poor 

, 95 to 212 F, excellent 

, 140 F, excellent 


28%, room temp., excellent 
2000 oon 100%, 104 F, excellent 


| 65. to 140 F, excellent 


62%, 310 F, erratic 
10 to 25%, 95, 121 F, excellent 
40 to 55%, to 235 F, excellent 


1 to 99%, boiling, excellent 


ion temp., excellent 


10%, boiling, good 


1 to 15%, 95 F, enedient 


95%, boiling, etefes 


1 to 20%, 65 to 22 F, excellent 





cerated, excellent; non aerated, poor 
25 to 90% 95 F to boiling, good to 
poor 


om temp., contius 


5% to Concentrated, 95 to 212 F, poor 
, 105 F, good 


ro temp. to 30%, CP, poor, ACS, 
excellent 
oan MST 821, 90%, 160 F, good 


85%, 95 F to boiling, excellent 


1% to saturated, 95 to 212 F, 
excellent 





100%, boiling, excellent 


5% to concentrated, 95 to 212 F, good 





1 to 25%, 95, 212 F, poor 
0.5 to 10% ceroted, 95 F, excellent 
1 to 85%, 65 to 212 F, excellent in 
dilute concentration at room-otherwise 
poor 





| 3%, 95 F, excellent 





10, 50%; 75 to 212 F, excellent 





10 to 96%; 65 to 212 F, excellent in 


dilute, poor in hot concentration 


10, 40%, 175 F to boiling ary 





5 to 65%, 65 to 95 F, dilute 
concentrated—poor 


good, 





Senate Acid. 


| 10%; room temp. to boiling, excellent 


25%, 212 F, excellent 





Tartaric Acid 


10, 25, 50%; 68, 


120 F to boiling, 
excellent | 


10, 50%, 212 F, excellent 


| TANTALUM 


All %, 68 to 735 F, excellent 


65 to 140 F, excellent 


62%, 310 F, excellent 


40%, 


140F, excellent 


5 to 30%, 65 F to boiling, excellent 


90%, 21 2 pe excellent 


To 200 C, excellent 


19% to concentrated, 65 
excellent 


Saturated at 212 F, excellent 


33 to > 99%, to 250 F, excellent 


Saturated, 75 to 205 F excellent 


85%, 290 to 410 F, excellent 


To 100%, 75 to 212 F, excellent 


| ‘5. 40%, 212, 230 F, dilute-excel- 
| tent, 40%— poor 


20% to concentrated, 65 to 570 F, 
excellent 


| 5% 


to glacial, 95 to 390 F, good 


5% to saturated, 95 to 212 F, poor 


Room temp., good 


95 to 212 F, poor 


10 to 50%, 95, 212 F, fair to poor 


1 to 5%, 


0 F te boiling, poor 


1 to 5%, 70 F to 5 boiling, poor 


5%, 160 F, fale to poor 


Dry, moist, 68 F, poor 


, 10%, 95 F to boiling, poor 


0.5% to 2%, 70 F to boiling, poor 


Dilute, cates poor in concen- 
trated, at boiling 


10 to 25%, 70 F to boiling, poor 


68 F F boiling, poor 


10 to 85%, 


5%, 68 F, ened 


All %, 175 to 600 F, excellent except 
in dilute boiling 


25% to concentrated, good at 68 F; 
poor at high temp. 
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Spring Material at High Temperature 


Relaxation charts of 10 frequently used helical-spring 
materials for various temperatures between 200F and 900F. 


steel & bis i spring steel 


% relaxation 
% relaxation 


chrome Vanadium 


S Ss 
$ 3 
3 F 
CJ © 
a Pd 


-7 ph stainless steel 12/88 stainless steel 


10 


% relaxation 
@ 


% relaxation 


yn f+ DD @ 


0 4 60 80 0 120 140. I60 180 200 


i iabnalilliiees Torsion}, stress, psixt0° 
REFERENCE: 


Effect of Elevated Temperatures on Helical Springs. Published in The Helix, Hunter 
Spring Co, Lansdale, Pa. 
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From: Literature survey 


BERYLLIUM=— what it can do 


and how it can be worked 


Comparative features of the metal as a structural 


material together with recent information on how it is 


machined, formed and joined. 


Beryllium with its lightness, high strength, stiffness and 
high specific heat could, although costly, solve many mod 
ern design problems. As an alloying material it has been 
popular for 30 years, while presently the pure metal finds 
jobs mainly in nuclear reactors and x-tay devices. But 
missile requirements are spurring efforts to overcome brit 
tleness—the main obstacle to fabrication and more general 
use 

[his is a rundown on the latest developments and 
engineering features that can make this metal more and 


more attractive as a structural design material. 


ADVANTAGES 
Lightness 


Lightness alone is reason enough for many uses such 
as low-inertia, high-speed, computer memory-discs, missile 
computer gears and other parts. Beryllium is almost as 
light as magnesium, only two-thirds as heavy as aluminum 
and less than one-fourth as heavy as iron. Example: Com 
pared to stainless steel, which designers chose because of 
more knowledge about its performance, beryllium could 
have saved 20,000 Ib if used as honeycomb foil in th« 
B-70 bomber. 


Strength and Rigidity 


Add to lightness moderate strength (about equal to 
wrought aluminum) and high modulus of elasticity (14 
times steel) and you hit the heart of beryllium’s appeal in 
structures—superior strength-weight and rigidity-weight ra- 
tios. With estimates of the cost to send one pound into 
orbit running around $30,000, even beryllium’s high price 
is a bargain. Compared to other metals used in lightweight 
structures beryllium beats its nearest strength-weight rival, 
iluminum, by a ratio of 5 to 3 and its nearest elastic- 
modulus to weight ratio competitor, magnesium, by over 
6 to l. 


High Temperatures 


At 1200F beryllium has a higher strength-weight ratio 
than stainless steel. Magnesium melts at this temperature. 
While beryllium’s 1285C melting point is not the 1800C 
necessary to classify the metal as refractory, it is high 
enough to allow the use of beryllium for leading edges of 


70 


1. STRENGTH-WEIGHT RATIO « 


metais 


wings for high-speed aircraft and exhaust duct 


engines. 


Specific Heat 


One of the biggest and most publicized beryllium forg 
ings so far is the reentry heat sink for the Mercury spa 
capsule. Beryllium is the choice because its specific heat 
is twice that of copper. For the same reason, aircraft 
brakes, that depend on one-shot heat capacity rather than 
fast dissipation, will use steel-plated beryllium discs. Im 
purities, especially beryllium oxide, lower heat capacity 


Electrical 


Airborne instrument cases depend on the heat capacit 
of beryllium to dampen out heat surges; the cases also tal 
advantage of its good electrical conductivity by carrying 
current. If wire fabricating problems were solved, bery| 
lium could be put to more general use as a good light 
weight conductor. 


Corrosion 


Up to 800C beryllium resists corrosion, but over that it 
requires protection. This makes fabrication difficult since 
beryllium can often be worked only at high temperatures 
Ions of impurities stimulate beryllium’s corrosion in water. 
A beryllium oxide coating naturally formed, like aluminum 
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2. SPECIFIC HEAT of beryllium as a function of temperature. 
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3. CHANGE OF STRENGTH AND DUCTILITY of beryllium with temperature 


oxide on aluminum, shields the metal from corrosion in 
water. acids form an automatically limiting 
protective coating on beryllium. To prevent galvanic cor 
rosion of beryllium-magnesium, the metals must be sep 
arated by an epoxy resin coating, zinc chromate primet 
or other suitable, passive materials. 


DISADVANTAGES 


Organic 


Cost 


Beryllium is expensive from the time it comes out of 


the ground to the finished product. Beryllium is rare 
(0.0006% of the earth’s crust) to begin with, and the 
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ore is scarce in this country In spite of government pre 
mium payments for US ore, domestic production for 1959 
A new field detector 


rce should help 


was less than 5% of our supply. 
that depends on beryllium as a neutron sou 
uncover ore deposits now hidden 
Since beryllium is a byproduct of feldspar or mi 

mining, crude hand sorting separates the ore, ber 
(3BeO-Al,0,°6SiO,). Flotation separation, which th 
US Bureau of Mines and at least one private company aré 
developing, promises to allow mining presently worked 
deposits more efficiently and to tap the large quantities of 
low-grade ore in the Carolinas 
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TABLE !—Physical Properties 





Atomic number 4 

Atomic weight 9.013 

Specific gravity 1.85 

1284 to 1300 
0.419 to 0.509 
12.3 to 13.3 x 10 


Melting point, °C 

Specific heat (0 to 100C), cal/g/°C 
Coefficient of thermal expansion, (20 to 200C) 
Velocity of sound, m/sec 12,600 
Electrical conductivity, % of Cu 38.9 to 43.1 


Neutron cross-section, barns 0.009 





Ihe US Bureau of Mines calls beryllium ore reduction 
“the world’s number one metallurgical headache.” Not 
so-simple techniques produce beryllium-copper master alloy 
without passing through a pure beryllium stage, but an 
even more complex method produces the pure metal. 

Multi-tool machines convert ingots vacuum-cast from 
solid-lump beryllium into chips which plates crush into 
powder. The final raw material for machining and form- 
ing is usually a hot pressed billet. 

Toxicity 

Elaborate and expensive measures are required to pro- 
tect workers’ skins and lungs from beryllium dust and 
fumes. Vacuum systems remove chips and dust during 
machining; continuous filters clean plant air; washdowns 
prevent accumulations; special clothes and sometimes res- 
pirators provide direct protection; machinery enclosures 
keep dust and fumes from spreading. Beryllium dust can 
cause simple skin irritation, skin ulcers or even skin tumor. 
[It is even possible for death to result from the effects of 
long-term exposure to beryllium dust that causes pulmonary 
edema—filling of the lungs with fluid. 


Brittleness 


Impurities, especially beryllium oxide, aggravate beryl- 
lium’s natural brittleness. When worked, beryllium is 
inisotropic—mechanical properties are not equal in every 
direction. Maximum ductility possible is 40% elongation 
in the direction of work, but in other directions elonga- 
tion may be only a few percent. Alloying doesn’t help 
much—almost all metals have low solid solubility in beryl- 
lium and form brittle intermetallic compounds with it. 
When copper is in solid solution with beryllium, it in- 
creases strength without changing ductility. Carbon, 
oxygen and silicon increase strength by forming dispersion- 
type alloys. Failing to increase ductility except by greater 
purity, most development aims at making it easier to live 
with brittleness. 


FABRICATION 
Machining 


Fine grained, nonporous pressed powder machines easily, 
but cast beryllium is too brittle. Metal removal-rates must 
stay within the chip-exhausting system’s limits. Economy 
forces maximum recovery of this expensive metal, so when- 
ever possible avoid coolants, all of which contaminate 
beryllium 
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4. OXIDATION OF BERYLLIUM in air. Samples were exposed for 
60 mins at various temperatures. 


Brittleness is the cause of most of the difficulties in 
beryllium machining. Chamfering or end pieces avoid 
end breakout, one of the results of brittleness. More 
troublesome is surface cracking brought on by two mecha- 
nisms, stick-slip friction and built-up edge on the tool. 
One research program gives the best combination of ma- 
chining variables for good surface finish as follows: High 
tool rake angles, low depth of cut, light feed. Another 
study warns that extremely fine feeds generate heat and 
excessive tool wear. Although cutting speeds over 300 
sfpm eliminate build-up edge, the strict requirement that 
metal chip and dust recovery be complete dictates a lower 
250 sfpm. Following machining, chemical polishing re 
moves surface cracks. Etching 0.002 in. is usually adequate. 

Conventional milling at 150 sfpm rather than climb 
milling gives best tool life and surface finish. 

During drilling, especially deep hole drilling, beryllium 
seizes tools frequently. A special toolholder with a spring- 
loaded tensioning device allows the drill to rotate freely 
on seizure and reduces drill breakage. Since there is no 
tool contact, spark discharge drilling gives good accuracy 
and edge definition. Otherwise a backup block of beryl- 
lium or steel prevents spalling around the hole exit when 
the drill breaks through. Recommended cutting speed is 
100 sfpm. 

Single-point tools and hot rolling best form threads, be 
cause brittle beryllium tends to spall. With dies, when 


small metal pieces crowd into the tool, threads tear and 
tools wear. 

Beryllium is sensitive to cracking during grinding in a 
degree dependent upon the previous forming method. 
From most to least sensitive the order is: Extruded and 
rolled; extruded; cast. A special grinding wheel is available 
that holds cracking to a minimum. 


Forming 


The forging temperature range for beryllium is between 
1550F and 2000F. Since beryllium oxidizes readily above 
1500F, a mild steel casing must shield the metal. Either 
an extrusion or pressed powder is sealed into a sheath with 
end plates. Under a perforated end plate a graphite filter 
allows air to escape during heating but keeps beryllium in. 
A volatile hydrocarbon inside the can helps expel air. 
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TABLE !!—Mechanical Properties of Beryllium 





Property 


Vacuum Hot extruded 
hot-pressed from hot-pressed 
from powder powder 





Ultimate tensile strength, psi 
Tensile yield (0.2%), psi 
Tensile elongation, % 
Tensile modulus of elasticity, psi 
Compression yield (0.2%), psi 
Compression modulus, psi. 
Poisson's ratio - 
Ultimate shear strength, torsion, psi 
Shear yield, torsion, psi. . 
Shear modulus, torsion, psi 
Twist to failure, deg... . 
Ultimate shear strength, double shear, psi 
Unnotched Charpy impact, ft-lb 
Tensile impact, ft-lb 
Hardness, Rockwell B 


42,000 83,000 
32,100 39,500 
2.3 16.0 
44.4x 10° 41.4x10° 
24,600 | 38,000 
44.2x10* 41.8x 10° 
0.024 0.032 
38,900 81,000 
18,300 14,200 

21 5x 10° | 21.0x 10° 
145 | 390 
36,800 61,300 
0.8 | 4.1 

1.4 45 
75-85 75-85 





Standard hammers and dies forge the heated can which 
icid or peeling later strip of its steel skin. 

Recent researchers claim when closed dies maintain con- 
tinuous pressure pressmen can produce forgings that re- 
tain the same ductility and isotropy that strong aluminum 
alloy have. 

Extruding requires a liquid glass coating around the 
billet to protect it from oxidation. Before extrusion the 
billet is heated to 1950F, then rolled in powdered glass 
which melts on the hot surface. The liquid glass also 
lubricates, helping the billet to enter the die without 
cracking. Engineers on one development program have 
extruded 15 ft channels from powdered metal billets which 
they hope to replace with cast ingots. The eventual goal 
is aircraft structural shapes 20 ft long. Biggest problem 
to overcome was extreme notch sensitivity. Cracking, 
galling and other surface deformations called rattlesnaking 
resulted when metallurgists first bare-extruded beryllium. 
Also solved is the auistropy of previous extrusions which 
proper grain orientation only in the direction of work 
caused. Kneading or forging before extrusion arranges 
the grains so that the final piece has just as good properties 
in all directions 

Sheet producing involved the same trouble. Rolling in 
one direction aligns grains to encourage cracking. Cross- 
rolling restores transverse ductility by controlling grain 
size and orientation. Sheet rolled in the hot range (1400F 
to 2100F) is more ductile, but that rolled in the warm 
range (85OF to 1400F) is stronger. Hot rolled sheet starts 
out in the usual steel clad pressed billet which the devel- 
oping cast ingot will also replace. Although beryllium 
exhibits peak ductility at SO0F, two difterent sources re- 
port sheet bent between 1000F and 1200F is least likely 
to crack. Even cross-rolled sheet, when it is wide, is 
difficult to bend sharply. 

Joining 

Fusion welding meets with only the slightest success. 
During welding two things accentuate hot-short beryl- 
lium’s brittleness. Large grains that form in the fusion 
zone, and rapid oxidation that no present flux prevents 


make beryllium susceptible to thermal cracks in or along 
side the weld. One fabricator masters cracking only in 
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0.023 in. and 0.125 in. sheet by using the tungsten inert 
gas method in an argon or helium atmosphere. 

Electron beam welding shows no results so far but 
enough promise to still warrant hope. 

Pressure welding joins simple shapes at 5-10,000 psi 
pressure that differential expansion between graphite and 
beryllium generates. Heated to around 2000F the inter- 
face welds by recrystallization after 24 hours. 

Brazing is much more successful, yet not without its 
problems. <A quickly formed oxide coating inhibits wet 
ting, and intermetallic compounds that most brazing alloys 
form with beryllium are nonwetting. ‘Temperatures just 
high enough to melt the filler and minimum heating times 
are best. Overlong heating time allows brazing material 
to spread away from the joint, and permits beryllium to 
diffuse to the brazing metal and create a brittle joint. This 
ready diffusion of beryllium into the braze meta! limits 
the service temperature of a brazed part. 

Furnace brazing under inert gas or hydrogen with pure 
silver or silver-copper eutectic makes a good joint which 
mild pressure improves. This method joins beryllium to 
beryllium and to some other metals. 

Silver also works as cold wire feed to a tungsten inert 
gas arc. Good penetration into the joint and diffusion 
and alloying between beryllium and silver provide bonding 
strength as high or higher than the base metal. 

A second braze welding variation, consummable elec 
trode under helium shield, joins with aluminum-silicon 
alloy filler. In spite of porosity and lack of alloying be 
tween filler and beryllium, the welds are as strong as those 
that silver and tungsten arc make 

Notch sensitivity of beryllium requires that joints be 
radiused. Thermal stresses during welding and stress rais 
ing tool marks can initiate cracks along the joint, espe 
cially with the higher temperatures that tungsten arc 
produces. 

The same fabricator who can fuse-weld beryllium sheet 
can resistance spotweld 0.012 in. through 0.125 in. sheet 
Clean surfaces achieve best welds 

Solder beryllium by first applying a solution of copper 
chloride and turpentine and then redu¢ing this coating 
by heat at 800F to obtain a copper deposit. From there 
on the usual soldering methods take cover. 
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To obtain copies of literature described below, write 
prefix letter and number on reader service card. 


(B-1) Metal Melting—Bulletin, 20 pp. 
Considers advantages of several special 
melting techniques such as vacuum in- 
duction melting, consummable electrode 
melting. Alleghany Ludlum Stee} Corp, 
Oliver Bldg, Pittsburgh 22. 


(B-2) Design of Welded Aluminum Struc- 
tures—Brochure, 28 pp. Presents a design 
method which takes advantage of the 
strength of material in regions unaffected 
by heat of welding. Aluminum Co of 
America, 1501 Alcoa Bldg, Pittsburgh. 


(B-3) Index of Literature About Alu- 
minum—Brochure, 30 pp. Lists Alcoa 
publications by product, process and indus- 
try. Aluminum Co of America, 1501 Alcoa 
Bldg, Pittsburgh. 


(B-4) Aluminum Impact Extrusions—Bro- 
hure, 34 pp. Describes manufacturing 
methods, metal properties, finishes, clad- 
ding and uses. Aluminum Co of America, 
1501 Alcoa Bldg, Pittsburgh 19. 


(B-5) Aluminum and Cryogenics—Bulletin, 
20 pp. Gives results of tests on aluminum 
at low temperatures. Shows some present 
uses. Aluminum Co of America, 150] 
Alcoa Bldg, Pittsburgh 19 


(B-6) Aluminum Screw Machine Stock 

Bulletin, 120 pp. Tables give properties, 
dimensions of stock 
Sections give machining instructions, 
thread data and tables of general engineer- 
ing interest. Aluminum Co of America, 
1501 Alcoa Bldg, Pittsburgh 19. 


composition and 


(B-7) Aluminum Pig and Ingot—Brochure, 
12 pp. Tables show alloy composition and 
uses plus casting alloy mechanical and 
fabrication properties. Aluminum Co of 
America, 1501 Alcoa Bldg, Pittsburgh 19 


(B-8) Aluminum Welding  Filler—Bro- 
chure, 4 pp. Table rates filler when 
matched with parent alloys. Also charts in- 
formation on brazing materials. Aluminum 
Co of America, 1501 Alcoa Bldg, Pitts 
burgh 19. 


(B-9) Aluminum Mill Products—Brochure, 
12 pp. Gives alloy properties and manu- 
facturing tolerances for products. Anaconda 
Aluminum Co, Box 1654, Louisville, Ky 


(B-10) Free-Cutting Copper—Bulletin, 6 
pp. Discusses machining, properties and 
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:.(B-19) Steel—Bulletin, 20 pp 


uses of four high-conductivity coppers 
Anaconda American Brass Co, 414 
Meadow St, Waterbury, Conn. 


(B-11) Magnesium and Titanium—Bro 
chure, 44 pp. Provides charts, curves, 
tables, discussions of physical, fabrication 
properties. Includes some comparisons 
with other metals. Brooks & Perkins, Inc, 
1950 W Fort St, Detroit 16. 


(B-12) Beryllium and Other Alloys—Bul- 
letin, 10 pp. Tables give alloy properties 
and available forms. Alloys include cop 
per-base, stainless steel and beryllium. The 
Brush Beryllium Co, 5209 Euclid Ave, 
Cleveland 


(B-13) Beryllium Oxide—Brochure, 12 pp 
Lists properties, analysis and uses of this 
refractory, electrical and nuclear material. 
The Brush Beryllium Co, 5209 Euclid 
Ave, Cleveland, Ohio. 


(B-14) Vacuum Tube Brazing Alloys— 
Bulletin, 4 pp. Lists alloys, brazing char- 
acteristics, critical impurity limits, vapor 
pressure of elements. Handy & Harman, 
82 Fulton St, NYC 38. 


(B-15) Perforated Metal—Brochure 8 pp 
Illustrates patterns; gives sheet sizes and 
gages available. The Harrington & King 
Perforating Co, Inc, 5618 Fillmore St, 
Chicago 44. 


(B-16) Beryllium Copper Products—Cata 
log, 20 pp. Explains material pioperties 
and considerations in design of spring de 
vices. Describes springs, spring valves, 
others. Instrument Specialties Co, Inc, 244 
Bergen Blvd, Little Falls, NJ. 


(B-17) Stainless Steel Wire—Brochure, 24 
pp. Tables show composition, properties 
and corrosion resistance of alloys. Also 
charts of general information about wire. 
Jones & Laughlin Steel Corp, Stainless & 
Strip Div, Box 4606, Detroit 34 


(B-18) Stainless Steel Sheet and Strip— 
Brochure, 34 pp. Charts and tables give 
physical properties and fabrication data 
plus corrosion resistance, dimensions and 
more. Jones & Laughlin Steel Corp, Stain 
less & Strip Div, Box 4606, Detroit 34. 


Pocket 
guide lists stainless, alloy and carbon steel 
analyses and mil specs. Also mill avail 


ability. Jones & Laughlin Steel Corp, 
Stainless & Strip Div, Box 4606, Detroit 
34 


(B-20) Cemented Carbides—Brochure, 24 
pp. Presents properties, applications, de- 
sign suggestions for metals which include 
portions of tungsten, titanium, colum- 
bium, tantalum carbides. Kennametal, 
Inc, Lloyd Ave, Latrobe, Pa 


(B-21) Powdered Metal Parts—Catalog, 58 
pp. Presents illustrations of sample appli 
cations, design data, machining informa 
tion, composition and characteristics of 
alloys for small parts, gears and filters 
Keystone Carbon Co, 1935 State St, St 
Marys, Pa 


(B-22) Steel Bars—Bulletin, 24 pp. Pro 
vides data on strength, machinability, 
uniformity, fatigue resistance, wear resist- 
ance and dimensional stability for bars 
produced by elevated temperature draw- 
ing process. La Salle Steel Co, Box 6800- 
A, Chicago 


(B-23) Nonferrous Products—Catalog, 20 
pp. Furnishes table of properties of brass, 
bronze, copper and aluminum used to 
make standard shapes, plumbing parts and 
contract work. Mueller Brass Co, Port 
Huron, Mich 


(B-24) Magnetic Shielding Alloys—Cata 
log, 31 pp. Presents magnetic and physical 
properties, fabrication data on alloys in 
foil form or for fabricated shields. Mag 
netic Shield Div, Perfection Mica Co, 
1322 N Elliston Ave, Chicago. 


(B-25) Cold Rolled Steel Strip—Brochure, 
16 pp. Contains samples of plain, pre- 
oated and pattern rolled strip. Design 
idvantages discussed; applications illus 
trated. Thomas Strip Div, Pittsburgh Stee] 
Co, Warren, Ohio 


(B-26) Aluminum  Extrusions—Brochure, 
12 pp. Lists properties and uses of avail 
able alloys. Briefly discusses basic types of 
extrusions and their qualities for different 
uses. Precision Extrusions, Inc, Green St, 
Bensenville, Tl 


(B-27) Seamless Mechanical Steel Tubing 

Manual, 197 pp. Presents description 
of manufacturing processes, dimensional 
tolerances, chemical composition, physical 
properties, mill practices, trade customs, 
weight tables and tables of multiple 
lengths. Pittsburgh Steel Co, Grant Bldg, 
Pittsburgh 30 


(B-28) Centrifugal Castings—Brochure, 14 
pp. Describes company capabilities. Cast 
ings up to 33 ft long or 54 in. diameter 
done in steels, nickel and copper alloys 
Gives some metal analyses and properties 
Sandusky Foundry & Machine Co, San 
dusky, Ohio. 
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(B-29) Aluminum Mill Products—Catalog, 
20 pp. Provides charts of mechanical 
properties, composition, uses, weights, sizes. 
shapes. Reynolds Metals Co, Richmond 
18, Va 

(B-30) Plate—Bro 
chure, 6 pp. Discusses uses, advantages and 


specifications of wrought plate for tooling 
Reynolds Metals Co, Richmond 


Aluminum Tooling 


fixtures 
18, Va 


(B-31) Metals for Centrifugal Castings 


Brochure, 12 pp. Tables give metal com- 
position, properties and specification num 
ber. Sandusky Foundry & Machine Co 


Sandusky, Ohio 


(B-32) Platinum—Data folder, 45 pp. D« 
scribes solid and clad platinum and alloys 
in basic shapes and fabricated; transistor 
materials; plating solutions and anodes; 
gauze, electrical contacts and other prod 
ucts. Texas Instruments, Inc, Metals & 
Controls Div, 72 Forest St, Attleboro, 
Mass 


(B-33) Industrial Metals—Data folder, 28 
pp. Presents beryllium, manganese, stellite 
and aluminum-iron alloy; precious and re- 
actor metals. Texas Instruments, Inc, 
Metals & Controls Div, Forest St 
Attleboro, Mass 


(B-34) Clad Metals—Data folder, 53 pp 
Provides data on composite metals for semi 
onductors, radio tubes, springs and high 
temperature uses. Texas Instruments, Inc, 
Metals & Controls Div, 72 Forest St, 
Attleboro, Mass 


(B-35) Thermostat Metal—Data Folder, 
24 pp. Gives composition, properties, re- 
sistance welding characteristics of standard, 
nonmagnetic, and corrosion resistant types 
Texas Instruments, Inc, Metals & Con 
trols Div, 72 Forest St, Attleboro, Mass 


(B-36) Cobalt Alloy—Brochure, 4 pp. De 
scribes composition, mechanical properties 
of cobalt-tungsten-chromium alloy for high 
temperature applications. WaiMet alloys 
Co, 5320 Oakman Blvd, Dearborn 2, 
Mich 


(B-37) High Temperature Alloys—Bro- 
chure, 4 pp. Provides properties and com- 
position of cobalt base, high tungsten 
alloys with 20% chromium and small 
amounts of columbium. WaiMet Alloys 
Co, 5320 Oakman Blvd, Dearborn 2, 
Mich 


(B-38) Stainless Steel Castings—Brochure, 
S pp Lists properties, compositions. In- 
cludes table for matching application to 
alloy. Waukesha Foundry Co, Lincoln 
Ave, Waukesha, Wis¢ 


(B-39) Copper-nickel Alloy—Brochure, 8 


pp. Describes properties and compositions 


of metals designed for corrosion resistance 
and bearing qualities. Waukesha Foundry 
Co, Lincoln Ave, Waukesha, Wis 


(B-40) Copper Tubing—Catalog, 8 pp 
Describes sizes, alloys, lengths, tempers and 
properties of available range. Wolverine 
lube, Div of Calumet & Hecla, Inc, 17201 
Southfield Rd, Allen Park, Mich 


(B-41) Copper-zirconium Alloy—Brochure, 
8 pp. Presents properties of a high con 
ductivity alloy which retains strength at 
high temperatures. Amco Div, American 
Metal Climax, Inc, 1270 Ave of the Amer 
as, NYC 

(B-42) Zirconium-copper Alloy—Brochure, 
8 pp. Presents mechanical and physical 
properties of the alloy up to 500C. Amco 
Div, American Metal Climax, Inc, 1270 
Ave of the Americas, NYC 


(B-43) Bronze Alloys—Brochure, 16 pp 
Contains charts showing chemical com- 
position and mechanical properties of 
alloys. Describes services and facilties. The 
American Crucible Products Co, 1317 
Oberlin Ave, Lorain, Ohio 


(B-44) Welded Rings—Brochure, 20 pp 
Outlines capabilities for making flash butt 
welded rings of metals including titanium, 
aluminum, zirconium and steels. The 
American Welding & Mfg Co, Warren 
Ohio 


(B-45) Aluminum Bronze—Bulletin, 4 pp 
Provides physical properties, uses and forms 
of wear resistant alloy. Ampco Metal, Inc, 
Box 2004, Milwaukee 


(B-46) Steel Tubing—Bulletin, 12 pp. Sup 
plies facts about welded steel tubing, plain 
or in semifinished components. Sizes 4 to 
} in. OD. Avon Tube Div, Higbie Mfg 
Co, Fourth & Water Sts, Rochester, Mich 


(B-47) Textured Metals—Brochure, 6 pp 
Illustrates some applications and surfaces 
of textured or perforated sheet and coils 
Ardmore Products, Inc, 193 Aldene Rd 
Roselle, NJ 


(B-48) Stainless Steels—Catalog, 24 pp 
Describes precipitation-hardening stainless 
steel properties. Explains fabrication and 
gives sizes and forms available. Armco Steel 
Corp, Middletown, Ohio 


(B-49) Investment Castings—Brochure, 8 
pp. Presents table of analyses and proper- 
ties of alloys used. Show samples of work 
done. Austenal Co, Div of Howe Sound 
Co—Microcast Products, 224 E 39 St, 
NYC. 


(B-50) Beryllium Copper Wrought Alloys 
-Catalog, 48 pp. Discusses available forms, 
properties, machining, joininy presswork 
ing, heat treating of four alloys. The 
Beryllium Corp, Box 1462, Reading, Pa 
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(B-51) Electroplating and Electroforming— 
Brochure, 4 pp. Outlines capabilities for 
plating with precious metals and electro 
forming shapes which defy ordinary ma 
hining or casting. Bart Laboratories & 
Design, Inc, 135 Manchester Pl, Newark 
4 NJ 


(B-52) Zinc-rich Paint—Broch } 
Corrosion resistant zin ating keeps rust 
from spreading. Gives corrosion test data 
und instructions for 
& Design Ce 
vark 4, NJ 


ipplying. Bart La 
135 Manchester 


boratories 


Pl, N 


Alloys—Bulletir 


Provides tables of physical proper 


(B-53) Alumincem-bronze 
16 pp 
ties and typical uses where resistance t¢ 
wear, corrosion and erosion are required 
Ampco Metal, Inc, 1784 S 38 St, Mil 
waukee, Wis 


(B-54) Beryllium—Brochure, 8 pp. De 
scribes nuclear, aircraft structural and other 
uses. Includes tables of properties and 

Describes available forms of 
The Beryllium Corp, Reading 


composition 
the metal 
Pa 


(B-55) Tool Steels—Booklet, 24 pp. Dis 
cusses advantages, typical analysis, heat 
treatment, uses, characteristics, how to 
Bethlehem Steel Cx 


work special grades 


Bethlehem, Pa 


(B-56) Drop Forgings—Brochure, 16 pp 


Describes forging, heat treating, machin 
ing, inspection facilities. The Billings & 


Spencer Co, 1 Laurel St, Hartford, Conn 


(8-57) Steel 


Describes manufacturing process, proper 


Tubing—Brochure, 11 pp 


copper oated steel 
double-walled tubing. Bundy Tubing ( 
8109 FE Jefferson, Detroit 14 


ties, applications of 


(B-58) Zirconium—Two bulletins, 10 pp 
Gives properties, available forms and uses 
of zirconium in atomic reactors and chen 
Carborundum Metal 


ical process industry 


Co, Akron, NY 


(B-59) Stainless Steel—Brochure, 12 pp 
Shows company capabilities for converting 
stainless steel into sheet and forgings 
Operations include rough machining and 
cutting to size. G O Carlson, Inc, Thorn- 
dale, Pa 


(B-60) Cold Formed Shapes—Catalog, 24 
pp. Shows shapes and variable dimension 
which can be made from blanks up t 
72 in. OD using stock dies. Commercial 
Shearing & Stamping Co, 1775 Logan Av 
Youngstown, Ohio 


(B-61) Powdered Metal Parts—Brochure, 6 
pp. Describes process, typical parts, ad- 
vantages, design considerations, facilities 
Compacted Metals Corp, 99 Greenwood 
Ave, Waukegan, II] 


continued 
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8 inch or 
80 feet wide... 








Milwaukee Crane Division overhead crane. This alumi- 
num crane saves 35 tons in total weight; requires lighter 
supporting members. Lifting capacity is increased, and 
at a minimum, 


Roehr Products Co., Inc. disposable hypodermic needle. 
Hypodermic needie shown at top has corrosion-resistant 
aluminum hub. Aluminum is easy to machine; a pound 

3 times more parts than a pound of brass. maintenar 


REYNOLDS ALUMINUM 
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Aluminum 


takes on more shapes 


to improve more products, 


reduce more costs 


Every year, more products and parts are being de- 
signed or redesigned in aluminum—aluminum, because 
it improves product performance and appearance, and 
because it often lowers costs as well. 


Perhaps one of the most important advantages alu- 
minum offers the designer today is its wide variety of 
basic forms and alloys. Tube, rod, wire, pipe, powders, 
bar stock, a multitude of extrusions, sheet, plate, coil, 
pre-painted sheet, and even foil. All these—and more 
—are available in a full range of dimension and alloys. 


And aluminum is well suited to most fabricating 
operations—machining, drawing, extruding, bending, 
cutting, or stamping. Lightweight and easy to work, 
aluminum often reduces production time, labor, and 
tool wear. 


Because aluminum is so light in weight, you get 
more metal per pound than with other common metals. 
Result: more parts per pound, lower cost per part. The 
aluminum hub of the disposable hypodermic needle 
on the opposite page is an example of this economy. 


Light as aluminum is, it is stronger, pound for 
pound, than steel. Supporting members of large 
equipment and structures can often be reduced—as 
in the aluminum crane shown opposite—to cut the 
total cost of a project. 


Corrosion-resistant and rustfree, aluniinum serves 
longer with less maintenance in many products ex- 
posed to contaminating atmosphere. 


Aluminum ha: also come into its own because of its 
advantageous elecirical properties. Aluminum wire 
and cable, bus bar, electrical conduit and foil, with 
their high conductivity, strength, and light weight 
have opened new design horizons to the designer of 
electrical systems and products. 


Whether your product is one-eighth inch or eighty 
feet wide, chances are Reynolds Aluminum can help 
you make it better, and help you reduce its total cost. 
For further information, technical advice and lit- 
erature, write Reynolds Aluminum, Box 2346-HN, 
Richmond 18, Virginia. 
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The Pepsi-Cola Company—case. This carrying 
case, made for Pepsi-Cola Company with alumi- 
num extrusions, is lightweight, good looking. It is 
durable, clean and sanitary because aluminum 
will not rust. And, its extremely long life is an 
mportant economic factor. 


Southern Gravure Service, Inc., rotogravure print- 
ing cylinders. Cool running (because aluminum 
dissipates heat quickly and evenly), well-balanced 
aluminum rotogravure roll weighs one-third as 
much as non-aluminum roll. Shipping costs are 
reduced, longer press runs are possible, inks dry 
properly, and bearings last longer, 


Whitin Machine Works textile machinery. Alumi- 
num offers many advantages for textile machinery 
parts: economy, strength, and rigidity. Alumi- 
mum's light weight reduces machinery wear, it 
resists Corrosion, warping and distortion, 
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Since World War Il designers of air 
and space craft have made ever-in- 
creasing use of honeycomb in a great 
variety of structural and non-structural 
applications. Honeycomb can be made 
from almost any material available in 
continuous web or roll form, e.g., alumi- 
num, glass fabric, cotton, stainless 
steel, paper, asbestos, titanium. In its 
cellular configuration, honeycomb is 
97% air, 3% material. 

Honeycomb kas intrinsic qualities of 
high strength, light weight, high ratio 
of surface area to volume and other 
specific properties which depend upon 
the type of material used. These com- 
binations of properties, which have 
given honeycomb wide application in 
air and space craft, offer to designers 
in industry generally unique opportu- 
nities in product design. 

In the interest of advancing this knowl- 
edge of honeycomb, Hexcel, through 
its research and development staff (the 
industry's largest), has prepared this 
informational series. Should you desire 
additional technical information, please 
complete the information request form 
on this page. Your request will receive 
immediate attention. 


INFORMATION REQUEST 


Send to Hexcel Products Inc. 

2332 Fourth Street, Berkeley 10, California 
NAME 

TITLE 

COMPANY 

STREET 


ZONE 


° 
Hex C BL. prooucrs inc 
World leader in honeycomb 


Executive offices: 2332 Fourth St., Berkeley, Cali- 
fornia. Plants: Oakland and Berkeley, Califor- 
nia; Havre de Grace, Maryland. Sales Offices 
Inglewood, California; Fort Worth, Texas; Long 
Island City, New York, 


STATE 
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HONEYCOMB SANDWICH PANELS 


Strength/ Weight Ratio 


Traditional design of flat panel structures to 
resist bending or column loading has been to 
use either thick plates or thin sheets stiffened 
with angle extrusions to form a more or less 
rigid panel. Where énd use of panel requires 
a high stiffness-to-weight ratio or a superior 
strength-to-weight ratio, many designers have 
turned to the use of sandwich structure. 
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Sketch #1 


In a sandwich structure, the panel is made 
up of two faces with a light weight core ma- 
terial between them. In order to qualify as a 
structural sandwich, the core must be rigidly 
attached to the two faces. When these re- 
quirements are met, the resulting structure 
is capable of the highest strength-to-weight 
and rigidity-to-weight ratios presently ob- 
tainable by ordinary design methods. 


Sandwich Structures: 
A Design Approach 


Sandwich structures are really a method of 
design approach rather than a single mate- 
rial. It is possible to design structures pre- 
cisely tailored to fit the requirements at hand. 
Not only can the thickness and type of facing 
material be varied, but the thickness and 
density of the core material is subject to the 
designer’s choice. 

In the two curves shown, shear strength and 
shear modulus are given for Hexcel alumi- 
num honeycomb in densities ranging from 
two to eight pounds per cubic foot. The 
strengths these core materials develop com- 
pare favorably with the strength of much 
heavier cores of plastic foam, wood fibers or 
other less efficient materials. 
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Sketch #2 


Bending Loads 
Bending strength and the bending rigidity of 
sandwich panels are two primary reasons for 
their broad acceptance in the area of light 
weight structures. In comparing panels load- 
ed as shown in the sketch below, it can be 
shown that honeycomb sandwich is by far the 
lightest of any usable structure. 
3600 # 
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Sketch #3 


24” SPAN 


Weight 
{in pounds) 


Deflection 
(in inches) 
Honeycomb 
Sandwich 
Nested ‘I’ Beams 
Steel Angles 
Aluminum Plate 
Magnesium Plate 
Steel Plate 
Glass Reinforced 
Plastic Laminate .058 83.4 
The list of weights and deflections in the above 
table gives a clear indication that honeycomb 
sandwich panels have broad areas of application. 


.058 
058 
.058 
058 
058 
.058 


7.79 
10.86 
25.9 
34.2 
26.0 
68.6 
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Chromel-R_a modified 80-20 nickel-chromium 
alloy for use in potentiometers and precision 
wire wound resistors. Possesses resistivity of 


800 chms/cmf at 20° C., temperature coefficient. 


controlled within 0 + 10 ppm/°C., exceptional 
linearity and stability from —65° to +150° C. 
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Chromel-P/Aliimel_The world’s standard base 
metal thermocouple combination for measuring 
operating temperatures in laboratory and heat 
treat furnaces—jet engines, nuclear reactors. 
Accuracy is guaranteed to close specified limits 
over the entire range from — 300° to +2300° F 


Chromel-A—The original 80-20 nickel-chromium 
resistance alloy that first made electric heating 


practical, Widely used in major appliances, 


industrial furnaces and many other devices re- 
quiring heating elements capable of operating 
up to 2150° F. under adverse conditions. 





Alloy 815-R_p jower density, higher resistivity 
iron-chromium-aluminum resistor material that 
gives you 14% more ohms per pound. Noted for 
strength, ductility, resistance to wear and cor- 
rosion, Resistivity : 815 ohms/cmf at 20°C. Temp, 
Coeff.: 0 + 10 ppm/* C. from — 65° to +150° C. 


Chromel-P/Copel-XM—A basic thermo-electric 
alloy combination used primarily as thermopiles 
to actuate and control operating temperatures 
of domestic furnaces, hot water heaters, stoves, 
ranges and other types of heating equipment. 


_ Noted for accuracy and reliability in service. 


Chromel-AA—A new modified 80-20 type nickel- 
chromium resistance alloy developed especially 
for use in controlled atmosphere furnaces. It 
is highly resistant to corrosion, carburization 
oxidation and “green rot’ over the entire range 
of operating temperatures up to 2150° F. 





Copel_a 55.45 copper-nickel alloy for use in 
edge-wound resistors, rheostats, motor starters 
and many other types of devices where operating 
Temperatures do not exceed 1000° F. Has resis- 
tivity of 294 ohms/cmf at 68° F., low temperature 
coefficient and exceptional mechanical stability. 


Hoskins Cunife—A new improved copper-nickel- 
iron ductile permanent magnet alloy. Possesses 
high coercive force and energy product values, 
greater uniformity. Readily stamped, machined 
or otherwise formed by conventional methods for 
economical production of close tolerance parts. 
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Chromel-C—A 60-16 nickel-chromium-iron alloy 
used primarily as heating elements in small 
domestic appliances and other devices that re 
quire high resistance in limited space for operat- 
ing temperatures up to 1700° F. Also used as cold 
resistor alloy in current-temperature controls 





Chromel-D—A time proven low nickel heating 
element alloy developed for use in controlled 
atmosphere furnaces required to operate in the 
critical temperature range between 1500° and 
1800° F. It is highly resistant to corrosion, 
possesses exceptional mechanical stability. 





2 
Alloys 815, 835 and 875—Three superior iron- 
chromium-aluminum resistance alloys for use at 
operating temperatures up to 2150°, 2250° and 
2350° F. respectively. Suitable for certain types 
of appliances, industrial furnaces and kilns 
where proper supports can be provided. 





DETAILED TECHNICAL DATA 
other Hoskins Custom Quality Alloys are yours 
for the asking. Hoskins metallurgical research 


n these and 


development and customer engineering service 
are also available to help you solve special design 
and application problems. Write or call today 





For Electrical Resistance, Resistor, Thermo-Electric and Magnetic Applications 


Developing and producing custom quality 


alloys is a spec ialty 


at Hoskins—and has been for over 50 years. Some, like Chromel-A, 


have been responsible for the 


birth and growth of entire industries. 


Others have made possible many technological advancements in the 
design and performance of countless different end-products. 


Regardless of their application, however, of this A 


you can be sure: Each in its particular field is 
unsurpassed for uniformity, durability and 

reliability in service 
especially to help make your products better! 


developed and produced 


HOSKINS MANUFACTURING COMPANY 


4459 Lawton Avenue e Detroit 8, Michiga TYler 5-286 
In Canada: Hoskins Alloys of Canada, Ltd., 45 Racine Rd., Rexdal 
Producers of Custom Quality Alloys for Industr 
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another tough problem solved with... 


REPUBLIC ELECTRUNITE 
MECHANICAL TUBING 


Republic’s tube making know-how and fabricating facili- 
ties combined to solve a tough problem for the Kuhlman 
Electric Company, Birmingham, Michigan. 

Kuhlman engineers wanted a material to meet the 
designs of the new Kuhlman “Quick-Grip” H.V. trans- 
former bushing that would reduce radio noise without oil. 
They preferred the part supplied as a finished product. 

A bushing sleeve made of Republic ELECTRUNITE 
Carbon Steel Mechanical Tubing, 2%” O.D., 10-gage, was 
the answer. The sleeve is approximately 3” long and has a 
chamfer on one end. Holes are punched on circumference, 
and the other end of the tubing is expanded. Coarse 
threads are cut in the expanded metal on an automatic 
screw machine. 

This is a typical example of the flexibilities in fabrication 
of ELECTRUNITE. And Republic’s Steel and Tubes Divi- 
sion has the facilities, equipment, and “know-how” to 
fabricate all grades and types of ELECTRUNITE carbon 
and stainless steel tubing into whatever shapes your 
product requires. 

ELECTRUNITE is available in a wide range of sizes, 
gages, and wall thicknesses in both carbon and stainless 
steel. Call your Republic representative. Or, write direct. 
Use coupon below. 


The Kuhiman “Quick Grip” H.V. sleeve, 
made of Republic ELECTRUNITE Mechanical 
Tubing, is a feature of the K-E Kuhiman 
Transformer, engineered and manufac- 
tured by the Kuhiman Electric Company, 
Birmingham, Michigan, 
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HS6460 HIGH STRENGTH POWDER con be used to produce 

porable strength structural parts at lower manufacturing costs 

an obtainable with copper infiltration. Additional production econ- 

jes can be achieved because fewer operations will be required 

9 obtain high density, higher strength parts. HS6460 is capable of 

inimum tensile strength of 60,000 psi at 6.4 density—100,000 
si after heat treatment. 


CE COSTLY ASSEMBLIES: Republic Cold Drawn Special Sections 
re formed to the predominating cross section of your part. By 
iminating or greatly reducing machining, special sections permit 
bster production at lower unit cost. Completed parts—one piece— 
e longer wearing because cold drawing improves mechanical 
operties. Republic Special Section Bars are available in carbon, 
Moy, and stainless steels. Send for additional information. 


REPUBLIC ELECTRUNITE STAINLESS STEEL TUBING, Type 304, 4/2” O.D., was used 
to fabricate corona rings for a powerful East Coast Navy Radio Station. 
Despite the rather severe bend of the 15- and 20-foot rings, the fabricator 
reported no trouble whatsoever. The rings were made in three sections, 
ELECTRUNITE was bent to the correct radius. Three lugs were welded to each 
section. The ends were flared for the insertion of a plug used at the erection 
site to assemble the unit and suspend it from towers. ELECTRUNITE Stainless Steel 
Tubing and Pipe are available in most A.LS.1. analyses from %” O.D. to 5” 


O.D. Send for data. 


REPUBLIC STEEL 
Werle Wiese, Renige 
Of Slamalard, St0ols andl, Stel Produ 


REPUBLIC STEEL CORPORATION 

DEPT. PE-9781-B 

1441 REPUBLIC BUILDING + CLEVELAND 1, OHIO 

Please send more information on the following products 

O) Republic ELECTRUNITE® Mechanical Tubing 

O Republic ELECTRUNITE Stainless Steel Mechanical Tubing 
O Republic Metal Power O) Republic Special Sections 


Name 


Address 


Fillcbinsnnseeinatmetemeneniial State 
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HERE ARE TYPICAL REASONS WHY ALLOY USERS SPECIFY R, MET® 
USER OF: SPECIFIES IT FOR: USES RyMET BECAUSE: 
410 Aircraft wing hinge Cleaner melting and tailored chemical composition. 
WI- 52 Gas turbine blades and vanes Greatly improved high temperature strength 
17-4PH Gas turbine compressor blades Uniformly high level mechanical properties 
SUPER 3 Agricultural equipment twine guide Superior wear resistance at low metal cost. 


or 2 


Put WaiMet’s technical team to work for you at the design 
stage. Specify R,Met whenever reliability is important in 
stainless, heat resistant alloys, or superalloys. For informa- 
tion on the R,Met alloy line, just drop us a line, or call. 





KMAN BLVD. 
ORN 2, MICH. 
on 1-7200 


82 CIRCLE 82 ON READER SERVICE CARD CIRCLE 83 ON READER SERVICE CARD->- 





Sy 
y 


> . a 
———— 


ALIRON® Copper-Base and 

Copper-Cored 
Three-layer cond five-layer materials used 
for anodes in rectifier and omplifier tubes. 
Provide longer power output life . . . uniform 
heat dissipation . . . high electrical conductiv- 
ity ... improved anode reradiation . . . and 
reduce costs. 


TIN CLAD NICKEL 


An improved material for Germanium transis- 
tor base tabs, emitters and collector connec- 
tors. Pure tin or tin alloy inseparably bonded 
to electronic grade nickel eliminates voids 
and inclusions. Provides perfect wetting dur- 
ing soldering . . . improves performance . . . 
lowers costs. 


ALUMINUM-IRON ALLOYS 


For magnetic applications requiring low core 
losses and high permeability at low flux 
densities in current and pulse transformers, 
relays, gyro mechanisms, servomechanisms, 
missile guidance systems, etc. 


COPPER CLAD KOVAR* 


For thermal compression bonding of glass 
seals in transistor applications. Kovar matches 
expansion rate of glass... copper is used as 
heat sink. Heat transfer is improved . . . per- 
mits cold welding, instead of seam welds... 
reduce production time in packaging. 


” ™ 


PLATINUM THERMOCOUPLE WIRE 
Pure platinum, 10% or 13% rhodium plati- 
num wire in either standard or premium 
grade, calibrated to emf values established 
by National Bureau of Standards, available 
from stock. Supplied in commercial grade 
99.8 or where requested to 99.999. Shipped 
spooled and packaged in dust-proof con- 
tainers. 


SOLID, CLAD and CORED WIRE 


Gold and silver and their alloys clad to cop- 
per and alloys, nickel and alloys, carbon and 
stainless steels. .003” diameter (min.) up to 
rod size 1” diameter. Applications include, 
electronic tubes, center conductors for coaxial 
cable, communications equipment, capacitors, 
resistors, etc. 


RECTANGULAR WAVE GUIDE TUBING 
and COLLECTOR OR SLIP RINGS 
For transmission lines in electronic equipment. 
Seamless tubing made of gold or silver-lined 
copper or nickel alloys; carbon and stainless 
steel. Available to government MS90035 or 
customers specifications. Collector rings are 
fabricated from gold, silver, platinum, alloys 

and clad metals 
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COPPER-CORED GLASS SEALING WIRES 


Featuring a sound metallurgical bond, these 
wires give five to ten times greater conductiv- 
ity (depending upon application) than solid 
52 Alloy Wire of equal diameter they fa- 
cilitate miniaturization. Features include: leax- 
proof seal between alloy and core, high elec- 
trical and thermal conductivity, lower costs 


RHODIUM PLATING SOLUTIONS 


Used for industrial and decorative plating to 
provide brilliance, corrosion and tarnish pro- 
tection. Services include: Analytical service 
for electroplating bath control, testing, con 
sultation and laboratory analysis, bath anal 
ysis, and complete refinery facilities to re- 
claim contaminated solutions 


GENERAL PLATE CLAD METALS Solve Design Probiems — 
Provide High Performance Reliability — Reduce Costs 


General Plate Clad precious-to-base or base-to-base metals are 
inseparably bonded by a patented solid-phase bonding process 
without the use of brazing alloys or other intermediate material. 

If you are seeking metals with useful characteristics that can’t 


be found in a single metal or alloy, investigate clad metals. 


Write for a General Plate Clad Base Metals catalog today. Or 
better yet, why not talk over your requirements with a competent 
field engineer? His knowledge of the applications of clad metal 
is yours for the asking. No obligation, of cours: 


If you want stronger or lighter components or better 
electrical and mechanical properties — or fewer corrosion 
problems — or if you are interested in conserving critical 
metals or reducing parts costs, you can profit by using 
General Plate Clad Metals. 


“—~ TEXAS INSTRUMENTS 


INCORPORATED 
METALS & CONTROLS DIVISION 
1060 FOREST STREET . ATTLEBORO, MASS. 


s Metal Products 


GENERAL PLATE PRODUCTS: Ciad Metals «+ Electrical Contacts + Truflex@ Thermostat Metal «+ Gold, Silver, Platinum and other Preciou 
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SIGNIFICANT ADVANCES IN BERYLLIUM TECHNOLOGY COME FIRST FROM BRUSH 


HIGH PERFORMANCE BERYLLIUM PRODUCTS 


The high temperature light metal 


@ VMiV =i oO 4m, with important thermal and nuclear 
properties. 

MV beryllium, available in block, sheet, extrusions and forgings, can be ma- 
chined, fabricated and sa ap by adaptations of standard techniques. Beryllium 
is being used extensively in nuclear devices as a moderator or reflector, in guid- 
ance devices, and in the design of advanced aircraft, for structural and heatsink 
applications. 


The sinterable oxide for high per- 
U OX =1-350 45 5 U M OXI DE formance applications. ties 


UOX, the high purity, sinterable ceramic oxide, is available as powder, cruci- 
bles, and special shapes fabricated to precision tolerances. Applications include 


jis nuclear moderators, reflectors and fuel matrices, heatsinks for aircraft and elec- 


ae i , 3 - 
Prt ii hi — tronic devices, electronic tube components and metallurgical crucibles. 


PPE PN Ee a 


High strength, good conductivity, 
OF ©) ad ad 4 3’ corrosion and wear resistance, and 
excellent fatigue strength. 


Available as casting alloy, master alloy, billets, forgings, bar, plate, and pre- 
cision-rolled strip, these versatile alloys fill a wide range of uses including me- 
chanical springs, electrical contacts, diaphragms, bellows, connectors, plastic 
mold cavities, non-sparking tools, switchgear, welding electrodes and wear 
| surfaces. 
TYPICAL MECHANICAL PROPERTIES OF BERYLLIUM COPPER PRECISION STRIP. 


Temper Strength , Strength 


Hard 
Hard 


OTHER BRUSH BERYLLIUM PRODUCTS 


BERYLLIUM COMPOUNDS: Beryllium Fluoride, Hydroxide, Nitrate, Sulfate. 
SYNTHETIC MICA: Powder and Block. 

PRECISION-ROLLED STRIP: Phosphor-Bronze, Brass, Nickel-Silver. Stainless Steel, 
ALLOYS: Beryllium-Aluminum, Beryllium-Nickel, Special Alloys 


Whether your problem is improving househoid appliances, or designing for interstellar exploration, 
beryllium or its oxide and versatile alloys should have a place in your planning. For more data, or 
application assistance, contact us at 5209 Euclid Avenue or ENdicott 1-5400 in Cleveland, Ohio. 


THE BRUSH BERYLLIUM COMPANY 
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Use this coupon to request... 


| 12 IDEAS for Designers of Machine Parts 


LaSalle Stee! Co., 1430 150th St. » Hammond, Indiana Please attach business card—or 
Please send me the following helpful technical literature: letterhead with name 


“LaSalle LA-LED® cas ccgusreanane 
steel bars”. . . 


“Super aoe fastest aes 
steel bars”. a . 12 


“Leaded Alloys”. . .. #13 


“Residual Stresses in cold-finished 
steel bars and their effect" 


“e.t.d.® 150 alloy steel bars”... .. #22 
“e.t.d. 180 alloy steel bars”... ... #23 


“How to make your own 
machine and repair parts 
quicker and easier”. ........ .. #21 


“A new material” 
(FATIGUE-PROOF®) . . 


“Improve Quality, Cut Costs” 
(STRESSPROOF®) 


Wall Chart 


“Effect of copper, abnormally heavy 
drafts, furnace treatment, and die 
practice on STRESSPROOF Steel Bars.” 


“Dictionary of + ane — 
Terms” .... ei H6 


eee wnee . 


a wealth of technical information on America’s most complete line of cold-finished 
steel bars, including these specialty steels: FATIGUE-PROOF, STRESSPROOF, LA-LED, Super 
LA-LED, “‘e.t.d.”’ 150 Alloy, and “‘e.t.d.” 180 Alloy. 

Use the coupon above to bring your library of LaSalle technical literature up to date. 


Here’s 


machine and 
The com- 


> story of 


“How to make your own 
“e.t.d 180 alloy steel bars repair parts qu cker and easier 
eliminate heat treating of p! 
parts.”” This bulletin tells the all-purpose 
story of 180,000 psi minimum STRESSPROOF 
tensile alloy steel bars... bars that 
made by elevated temperature ideal for 
drawing process. Bulletin 23. mainte- 
nance parts. 
Bulletin 21 


bars 
ng of 


steel 
treati 
detailed facts anil 
inimum 


“e.t.d. 150 alloy 


eliminat neat wee 
parts.” Gives 
150,000 

tensile 
by 
drawing process. 


on psi nn 


alloy steel bars made steel 


elevated temperature are 


Bulletin 22. 


making 


“A new material.” Discusses 
FATIGUE-PROOF, made by the 
“e.t.d.” a 140,000 psi 
minimum steel that 
has high strength without 
heat treating, and excellent 
machinability. Bulletin 10, 24 
Pages 


“Improve Quality, Cut Costs 
by specifying LaSalle 
STRESSPROOF." This 14-page 
bulletin covers STRESS- 
PROOF, a 100,000 psi tensile 
steel that requires no heat 
treating and has excellent 
machinability. Bulletin 15. 


——aebes —— 
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“Wall Chart.” 
ag parison chart that lists 
machinability rates, a 
cal analysis of LaSalle 
including 


a com- 


process, a 
tens le — 
f lerT 
cold- 
finished steel bars 
specialty as 
FATIGUE-PROOF, STRESSPROOF, 


and Super LA-LED 


steels such 


“The effect of copper, ab- 


normally heavy drafts, furnace 
treatment, and die practice on 
STRESSPROOF Steel Bars.” 
This 12-page engineering re- 
port tells how the precisely 
controlled addition of copper 
improves machinability and 
wear resistance. 


fastest 
ercom- 
mercially Tells 
how these lead-bearing steel 
bars machine over 80% faster 
than ordinary screw stocks. 
Bulletin 12. 4 Pages. 


“Super LA-LED, the 
machining steel bar ev 
developed.” 


“Dictionary of Cold-Finished 
Steel Terms.” Includes more 
than 180 relatively detailed 
definitions of words used in 
purchase, manufacture, treat- 
ing, machining, and finishing 
of steel. 30 Photos, curves, 
tables. Bulletin 6. 32 Pages. 


‘Leaded Alloys."’ This 4- 
page bulletin gives detailed in- 
formation on LaSalle leaded 
8620 and leaded 4140. Case 
histories show how cycle time 
is reduced, production in- 
creased. Bulletin 13. 


LaSalle 
chining 
cusses 


LA-LED fre 
steel bar 
advantages, : 
faster mact 
creased too fé 
7 case h ries 
4 Pages. 


sto 


“Residual Stresses in co 
finished steel bars and their 
effect on manufactured 
parts.” Discusses res!dual 
stress and fatigue, cracking, 
machinability, tolerances, and 
corrosion. 32 Pages... pocket 
size. Bulletin 16 


aa Salle STEEL CO. | 1430 150th Street - Hammond, Indiana 
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instant and automatic 


BAKER 


od 





relief of excess pressure 


with dependable corrosion-resistant 


rupture discs 


In pressurized apparatus subject to corrosive action,’ pre- 
cious metal rupture discs provide the safest, most accurate 
and dependable relief. Platinum, gold, and silver are now 
generally recognized as specifics when dealing with corro- 
sion. Each is resistant to the corrosive effects of an impor- 
tant group of liquids and gases and will remain unattacked 
under conditions that would render many base metal mate- 
rials useless. These rupture discs, depending on material 
selected, are guaranteed to be burst +5% of specified 
pressure. Intrinsic value adds to the original cost of these 
discs but the actual metal value is recovered, no matter how 
torn or battered the discs may be. Send for literature. 


BAKER PLATINUM DIVISION «+ 113 ASTOR STREET 
NEWARK, N. J. 


fine wire, thin foils, ribbon and 
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DOMESTIC DIVISIONS: AMERICAN PLATIN 


Divis 
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tubing in noble metals and 
their alloys, for all applications. 


The unique combination of properties of the noble metals 
continually recommend them for industrial applications. Our 
modern melting, wire drawing, rolling and heat treating 
equipment coupled with long experience in the field is at 
your service for production of standard and special items. 
WIRES: Bare drawn wire of ductile materials down to .004” 
High temperature thermocouple wires—High temperature 
furnace windings — Potentiometer and Resistance wires — 
Platinum clad tungsten wire. 
FOILS: In platinum, palladium and gold down to .0001”— 
In iridium and rhodium as thin as .001”. 
TUBING: Seamless in platinum, palladium, gold and their 
alloys. Sizes from .018” with .004” wall up to 12” with 
042” wall. 
For complete information write for our leaflets, “Fine 
Wire, Foils, Ribbons” and “Noble Metal Thermocouple Wire”. 


BAKER PLATINUM DIVISION «+ 113 ASTOR STREET 
NEWARK, N. J. 


“ 


BAKER SETT N * CHEM 


c 
EACE DIVISION * RESEARC? * 4. A. WILGON C¢ 
F 


ELHMARD IF TRIES LTE 8 ER PLATINUM DIVISION, HAN A PRC 


PROMPT PRECIOUS METAL SCRAP RECOVERY 


SION * 


DIVISION 


BAKER DENTAL DIVISION * BAKER PLATINUM 


IRVINGTON-BAKER REFINING D 


BAKER CONTACT DIVISION * 
N * INSTRUMENTS &@ SYSTEMS DIVISION * 
VISION. COMPANIES ABROAD: ENGELHARD INDUSTRIES OF CANADA, LTO 


VISION, LONDON * SOCIEDAD SURAMERICANA DE METALES PRECIOSOS S.A 


SERVICE * ENGELHARD PROCEDURES RECOVER 
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® corrosion-resistant rhodium plating 


CHEMICAL 





DIVISION ; ’ 
The properties of Rhodium are particularly well-suited to 


many electrical and electronic applications. In general, 
Rhodium improves efficiency whenever a low-resistance, 
long-wearing, oxide-free contact is required. Rhodium plate 
assures low noise level for moving contacts, no oxide recti- 
fication, low and stable contact resistance. Rhodium plated 
slip rings and commutators show negligible wear. The posi- 
tive action of plated contacts subjected to long periods of 
inactivity emphasizes the efficiency of Rhodium for safety 
alarm contacts. Excellent protection against atmospheric 
corrosion is obtained for printed circuits by plating Rhodium 
over nickel to assure long wear and low noise, or Rhodium 
over Silver to protect against tarnish and corrosion. 

In the realm of high and ultra-high frequency the high re- 
sistance of Rhodium to surface corrosion under all atmos- 
pheric conditions is specially useful. Oxide-free contacts 
eliminate partial rectification and unwanted signals. 

Call for technical assistance or write for literature. 





CRYSTAL STRUCTURE | FACE CENTERED CUBIC A° 3.7954 





ATOMIC WEIGHT] 102.91 





DENSITY § 12.44 


MELTING POINT} 1966°C 





COEF. OF LIN. EXPANSION] 8.19 X 10 ° O°C, PER °C 





THERMAL CONDUCTIVITY} (O°C) 213 C.G.5. UNITS 





REFLECTIVITY ELECTROPLATE| 78°/, AT—620 MU 





HARDNESS ELECTROPLATE) 540-640 V.H.N. 20GRAM LOAD CHEMICAL DIVISION + 113 ASTOR STREET 
NEWARK, NWN, J. 








ENGELHARP 


“ 
exeEcuTIveE _painalnalig 


NEWARKEK 


H. A. WILSON 





‘DIVISION 


=z)” THERMOMETAL' for dependable 
temperature, electrical current and 





voltage control applications. 





Leading manufacturers depend upon the outstanding per- 
formance of Thermometal in electrical appliances, thermal 
cutouts, heating controls and many other applications in- 
volving the indication and accurate control of temperatures, 
electrical currents, voltages, etc. Thermometal is supplied in 
strip form, rolled and slit to close tolerances and tempered 
to specification. Thermometal elements and sub-assemblies 
are also supplied to specifications, with or without contacts 
attached. Send for literature. 











H. A. WILSON DIVISION + U.S. HIGHWAY 22 
THE RMOME TAL CONTACTS UNION, N. J 


GOTA * ENGELHARD INDUSTRIES S.A RL PARIS * ENGELHARD INDUSTRIES A'S. COPENHAGEN * GLOVER & e Pr r MEL®S RNE * ENGELHARD IN 


TOKYO * ENGEL HARD INDUSTRIES, PTY... LTO MELBOURNE * ENGEL HARD INDUSTRIES, LTD ZURICH * INDUSTRIE ENGELHARDS P.A ROME®s 1ANO STA 
ZIOSO &.P.A., ROME * INVERSIONES EN INDUSTRIES NACIONALES, $.A., BOGOTA ASSOCIATED COMPANIES: KALIE MEMIE- ENGELHAR ATOREN “6. 
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catalogs and bulletins. continued 
(B-62) Electric Furnace Steel—Catalog, 48 
pp. Furnishes alloy analyses, dimensions 
of rolled products, and description of pro- 
duction processes. <Aristoloy Steel Div, 
Copperweld Steel Co, Warren, Ohio 


(B-63) Leaded Steel—Brochure, 16 pp 
Charts properties and analyses of free 
machining steel. Also case histories. Aris 
toloy Steel Div, Copperweld Steel Co, 
Warren, Ohio 


(B-64) Steel Tubing—Catalog, 8 pp. De- 
scribes mechanical, pressure, aircraft me 
chanical and airframe grades of seamless 
steel tubing; mechanical and pressure 
grades of welded steel tubing. Also forging 
and fabricating facilities. Ohio Seamless 
lube Div, Copperweld Steel Co, Shelby, 
Ohio. 


(B-65) Strip Steel—Brochure, 14 pp. Pre 
sents information on stainless, alloy and 
spring steels, clad metals, conversion facil- 
ities and products. Superior Steel Div, 
Copperweld Steel Co, Carnegie, Pa. 
(B-66) Metal Moldings and Shapes—Cat- 
alog, 170 pp. Provides full size sections 
of over 
Also shows cabinets, other fabrications 
Dahlstrom Metallic Door Co, Buffalo & 
Second Sts, Jamestown, NY. 


2200 shapes from angles to z-bars 


(B-67) Steel and Plastic Filler—Catalog, 
12 pp. Gives properties and uses of mix 
ture for metal repairs, dies, molds. In- 
cludes aluminum and plastic mixture 
[he solidified mixture is machinable 
Devcon Corp, Endicott St, Danver, Mass 


(B-68) Perforated Metal—Catalog, 32 pp 
Shows hole shapes and sizes, sheet textures. 
Illustrates applications such as soundproof- 
ing, grills, containers. Diamond Mfg. Co, 
Wyoming, Pa. 


(B-69) Glass-sealing Alloys—Bulletin, 4 pp. 
Describes four alloys for sealing glass or 
ceramics to metal. Driver-Harris Co, Har- 


rison 35, NJ. 


(B-70) High Alloy Castings—Bulletin, 20 
pp. By tables and graphs shows properties 
of corrosion, heat and abrasion resistant 
alloys. Outlines facilities. The Duraloy 
Co, Scottdale, Pa. 


(B-71) Aluminum Molds—Brochure, 5 pp 
Article explains use of aluminum molds 
with casting alloys of iron, steel, mag- 
nesium and aluminum. General Commu- 
nications Co, Metallurgical Dept, 677 
Beacon St, Boston 15. 


(B-72) Gray Iron Castings—Brochure, 12 
pp. Discusses machinability of gray iron 
castings made by permanent mold method. 
Includes depth of cut, feed, tool cost, tool 
geometry. Eaton Mfg Co, Foundry Div, 
Vassar, Mich. 


(B-73) Expanded Metal—Catalog, 6 pp 
Shows some available patterns and physical 
characteristics of finished product used for 
decoration or for functioning parts. Exmet 
Corp, 127 Marbledale Rd, Tuckahoe, NY. 


(B-74) Stainless Steel Wire—Brochure, 9 
pp. Furishes alloy analyses, mechani i] 
001 to 0.250 in 


3211 Ma 


properties for wire from U 
OD. Fort Wayne Metals, Inc 
Arthur Dr, Fort Wayne, Ind 


(B-75) Titanium-steel Castings—Brochure, 
4 pp. Explains slag washing technique of 
casting titanium bearing stainless steels. 
Eastern Stainless Steel Corp, Box 1975, 
Baltimore 3. 


(B-76) Columbium-steel Alloys—Brochure, 
12 pp. Provides composition, properties, 
fabrication data on steels with yield 
strengths ranging from 45,000 to 110,000 
psi. Great Lakes Steel Corp, Tecumseh 
Rd, Detroit 29. 


(B-77) Iron Castings—Brochure, 16 pp 
Tabulates properties of foundry’s iron 
Casting capabilities outlined. Hamilton 
Foundry, Inc, 1551 Lincoln Ave, Hamil 
ton, Ohio 


(B-78) Ultra Thin Foil and Strip—Bro 


chure, 8 pp. Shows capabilities for mak 
ing rolled strip and foil as thin as 0.0001 
in. Hamilton Watch Co, Precision Metals 


Div, Columbia Ave, Lancaster, Pa 


(B-79) Steel Floor Plate—Brochure, 8 pp 
Lists forms, sizes and gages safety-patterned 
Shows uses on products 
as well as buildings. Inland Steel Co, 3 
W Monroe St, Chicago 


plate comes in 


(B-80) Nickel Alloys—Two 
Lists almost 300 publications available on 
specific materials or fields of applications. 
The International Nickel Co, Inc, 67 Wall 
St, NYC 5 

(B-81) Wire Cloth—Catalog, 96 pp. Con 
tains tables of dimensions and weights, 
glossary of terms, lists of metals used from 
aluminum to gold to tantalum. The C O 
Jelliff Mfg Corp, Pequot Rd, Southport, 
Conn. 


atalogs, 30 pp. 


(B-82) Steel Shapes—Catalog, 14 pp. De- 
scribes process of cladding hardened, 
ground tool steel with soft steel backing 
to form a composite shape for machine 
ways, dies and others for machinery and 
machine tools. The Ohio Knife Co, Cin 
cinnati 23. 

(B-83) Stainless Tubing and Pipe—Bro 
chure, 60 pp. Contains dimensional and 
weight specifications. Includes tables of 
mechanical and corrosion properties. Shows 
uses and provides fabrication guides. Re- 
public Steel Corp, Steel & Tubes Div, 224 
E 131 St, Cleveland 8. 


(B-84) Metal Powders—Catalog 
Provides a directory of producers 
pecifications of some powders they 
Metal Powder Industries Federation, 


E 42 St, NYC 17 


(B-85) Aluminum Castings—Brochure 8 
pp. Show 


sample work and specifications 


und explains process of making aircraft 
astings. Morris Bean & Co, Hyde 
ellow Springs, Ohio 


(B-86) Sintered Metal—Brochu 
Describes pro 
ture of 


Sinter-Seal Co, 


ess for sealing pt TOUS 
sintered metal part National 
695 Seneca St, Buffalo 1 


(B-87) Nitriding—Bulletin, 49 pp. Explains 
the process, equipment; properties, ma 
hining and grinding of nitrided steels 
The Nitralloy Corp, 35 Commercial St 


Medford, Mass. 


(B-88) Welded Steel Tubing—Brochure, 8 
pp. Contains sizes and properties of car 
n and stainless steel tubing for mechan 
il and pressure applications. Republi 
Steel Corp, Steel & Tubes Div, 224 E 13] 


Cleveland 8 


B-89) Tubing—Catalog, 12 pp. Presents 
illoys, dimensional standards, uses of seam- 
nonferr« metal tubing. Precision 


Tube Co, Inc, Church Rd & Wissahickon 
Ave, N Wales, Pa 


B-90) Metals Warehouse Service—Bro 
hure, 6 pp. Describes facilities, 


] I service 
ind stock available. Korhumel Steel & 
Aluminum Co, 2424 Oakton St, Evanston 
Il] 

(B-91) Aluminum — Extrusions—Brochur 

+ pp. Describes facilities for extruding, 
fabricating, anodizing to customer specifica 
tions. Light Metals Corp, 1209 Monroe, 


Grand Rapids, Mich. 


(B-92) Aluminum Mill Products—Catalog, 
35 pp. Provides tables of alloy properties, 
properties of sheet, extrusions, tube and 
others. Revere Copper Brass, Inc, 23 


Park Ave, NYC 


(B-93) Copper Mill Products—Catalog, 48 
tibes properties, metallurgy and 

of copper, brass, bronze and cop 

Revere Copper & Bra 


NYC 


1] 
alio 


y 
Inc, 230 Park Ave, 


(B-94) Textured Metals—Catalog, 31 pp 
Presents patterns, characteristics and uses 
of textured, perforated, pierced and colored 
heet metals. Rigidized Metals Corp, 658 
Ohio St, Buffalo 3, NY. 


(B-95) Silver Plating—Bulletin, 11 pp. Pro 
vides instructions for using silver electro 
plating solutions. Sel-Rex Corp, 75 River 
Rd, Nutley 10, NJ. 


continued 
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From National-Standard .. . 


SPECIALTY WIRE and Metal Products 


Whatever your product, if it requires high- 
quality, specialty wire, wire cloth, flat spring steel 
or perforated metal, National-Standard Com- 
pany’s specialized manufacturing and engineer- 


and metal products for special applications, with 
emphasis on alloys, finishes, corrosion resistance, 
strength, elongation and adhesion properties. And 
today, National-Standard maintains leadership 


through the constant development of new mate- 
rials, new techniques, new services, plus precise 
control and meticulous care in manufacturing to 
the most exacting specifications. 


ing services are important to you. 


FOR OVER 50 YEARS National-Standard has 
been a leader in the development of special wire 


EXPERIENCED ENGINEERING help for jobs 
requiring specialty steel and wire to meet unique 
applications is available to you from National- 
Standard. Write for additional information to 
National-Standard Company, Niles, Michigan. 


SPECIALTY WIRE is engineered for the most difficult 
applications by National-Standard. Just a few of the 
many specialties are: drawn wire in fine sizes of 
titanium, stainless and high carbon steel; electro- 
coated steel wire with nickel, copper, brass and other 
coatings; a wide variety of Setchas such as bright, 
galvanized, liquor, tin, bronze, etc.; music spring 
wire; special-purpose wire strand and flat and tubu- 
lar braid in neal and other metals; and high-tem- ofr: ; 
perature alloy wires such as Inconel-X. HIGH-CARBON SPRING STEEL from National-Standard’s 
i Athenia Steel Division is produced with a wide variety 
of tempers, finishes, colors, tolerances and forming char- 
acteristics to fit your special requirements. Athenia prod- 
ucts include flat steels in widths up to 64%" tempered and 
16” cold rolled or annealed with thicknesses from .001 
to .060 depending on width. 


INDUSTRIAL WIRE 
CLOTH from the 
Reynolds Wire Divi- 
sion can be provided 

in standard or spe- 
an ee cial weaves in a com- 
ya at plete range of 
fa Fan Fees meshes, metals, al- 
wa = we loys and coatings in 
i a i { all normally required 
=e widths. Reynolds 

Wire Cloth is woven 
in widths from 24 to 
48 inches, but spe- 
cial widths under 24 . 

—~ 





PERFORATED METAL from the 
Cross Perforated Metals plant 
of National-Standard is a qual- 
ity product of clean-walled, 
burr-free steel or aluminum. 
The complete line of Cross per- 
forated metal designs fills the 
requirements of hundreds of 
products where beauty and 
style must be combined with 
rugged functional utility. 


























or over 48 can be 
supplied on request. 


STANDARD 


NATIONAL 


DIVISIONS: NATIONAL -STANDARD, Niles, Mich.; tire wire, stainless, music spring and plated wires « WORCESTER WIRE WORKS 
Worcester, Mass.; high and low carbon specialty wires « WAGNER LITHO MACHINERY, Secaucus, N.J.; metal decorating 
equipment » ATHENIA STEEL, Clifton, N. J.; flat, high-carbon spring steels « REYNOLDS WIRE, Dixon, II!.; industrial 
wire cloth « CROSS PERFORATED METALS, Carbondale Pa.; decorative, commercial, and industrial perforated metals 
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UNIFORM TEMPER 2 UNIFORM DIMENSION 


/BUNIFORM GRAIN SIZE co UNIFORM 
TENSILE STRENGTH/GZUNIFORM COATING 


The most uniform springs just naturally start with... 


RIVERSIDE-ALLOY SPRING MATERIALS 


It’s an acknowledged fact in the trade that Riverside- 
Alloy produces the finest spring materials for corrosion 
resistant and high temperature applications . . . mate- 
rials more uniform in al/ the properties that make good 
springs. 

But what about the specific alloy and shape you need? 
Riverside-Alloy is a single, dependable source for spring 


material in Stainless steel (Isoloy), Phosphor bronze, 
Nickel silver, Monel, Inconel, Inconel ““X’’ and Dura- 
nickel . . . in wire, flat wire and strip. 

Write today for a copy of the new “Spring Materials 
Digest”’ and other specific information. We have the 
people who can talk springs. Riverside-Alloy Metal Divi- 


sion, H. K. Porter Company, Inc., Riverside, N. J 


Visit Booth #148 at the Southwestern Metal Exposition * Visit Booth 4142 at the design Engineering Show 


RIVERSIDE-ALLOY METAL DIVISION U 


H.K. PORTER COMPANY, INC. 


PORTER SERVES INDUSTRY with steel, rubber and friction products, asbestos textiles, high voltage electrical equipment, electrical wire and cable, wiring 
systems, motors, fans, blowers, specialty alloys, paints, refractories, tools, forgings and piping fittings, roll formings and stampings, wire rope and strand. 


90 CIRCLE 90 ON READER SERVICE CARD 


PRODUCT ENGINEERING — Design Digest issue 





Immersion Ultrasonic Testing is the latest 
addition to Standard’s family of extensive quality- 
control facilities. Specially designed for Standard and 
one of the first of its kind installed by a specialty steel 
maker, this new facility is used to detect minute flaws 
in extremely high quality thin-section and complex- 


section steel shapes. 


METALS AND ALLOYS S_} 


It is essential to test for internal flaws in such vital jet 
and missile engine parts as expander rings, motor case 
rings, turbine discs, and compressor wheels. Bring your 
next difficult alloy problem to us—you'll appreciate our 
personalized service as well as our superior qual- 
ity control. Write for free illustrated booklet, “‘Quality 


Control at Standard.” 


Standard Steel Works Division Lk 
BALDWIN - LIMA: HAMILTON a 


BURNHAM, PENNSYLVANIA 
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Missile’s “Fast Draw” Starts 


Cold-drawn Seamless 
Cuts Clean-up Costs 
For Anker-Holth’s 
Power Cylinders 


The Missile Age version of the “fast 
draw’’ starts with the lightning 
stroke of a power cylinder. 

Big, 12-foot stroke hydraulic cyl- 
inders provide the power and speed 
that unsheath one of the nation’s 
principal defense missiles for instan- 
taneous action. 

They’re made by Anker-Holth 
Division of The Wellman Engineer- 
ing Company from Pittsburgh Steel 
Company’s commercial quality, 
carbon steel, Seamless Mechanical 
Tubing. 

Mounted two to a unit, the husky 
cylinders must—within seconds, and 
without fail—slide back the two 
halves of the hangar-size missile 
shelter to release the weapon for 
firing. 

Anker-Holth, of Port Huron, 
Mich., uses Pittsburgh Steel’s 
Seamless Mechanical Tubing to 
manufacture this critical unit’s 
outer cylinder and piston rod. 


Relies on Pittsburgh—What 
makes this company rely on Pitts- 
burgh Steel for the tubing it requires 
for this application? 

Fred J. Theisen, vice president- 
production, says there are several 
reasons. He explains: 

‘First is Pittsburgh Steel’s service. 
They’re able to give us information 
fast. 

“On the first lot of tubing for this 
job, we asked all our suppliers for 
recommended sizes for cleanup to our 
finished dimensions. Pittsburgh 


Piston rod made by Anker-Holth for 
launcher shelter’s roof activating 
cylinder requires only minimum 
processing for cleanup with com- 
mercial quality Pittsburgh Steel 
Seamless Mechanical Tubing. Fin- 
ished rods, 142” long, are plated with 
hard chrome. Vice president-Pro- 
duction Fred J. Theisen, (left) talk- 
ing with Pittsburgh Steel salesman 
T. J. Whan, says Anker-Holth relies 
on Pittsburgh Steel tubing for this 
missile component. 








Final hydraulic testing on com- 
pleted cylinders is comprised of 30 
cycles at 4,500 psi—using special 
Anker-Holth testing equipment. 


Steel’s answer was in first, and it sug- 
gested less stock removal. 

‘*That’s important, and it’s one 
reason Pittsburgh Steel stays with us. 
We ask them for size recommenda- 
tions that we need for cleanup. They 
tell us the size, and they do it ina 
hurry. They don’t wait around for a 
couple of months to reply. 

“For another thing, when we first 
started production of this cylinder, 
we had a problem of straightness. 

**T don’t know how they did it, but 
Pittsburgh Steel came through with 
a batch of tubing I had never seen 
the equal of. Pittsburgh makes a 
quality tube. Straightness is the big 
thing—plus service and the amount 
of stock we must remove. With Pitts- 
burgh Steel Seamless Tubes we don’t 
need extra metal for honing 
arer.’t paying for metal we don’t use.”’ 


sO we 


Experience Pays—Close attention 
to customers’ needs and experience, 
plus steelmaking skills and produc- 
tion practices developed in nearly 50 
years of seamless tube production, 
make Pittsburgh Steel able to serve 
Anker-Holth this way. 

In this instance, Pittsburgh Steel’s 
ability to produce commercial quality 
cold-drawn seamless mechanical tub- 
ing to exacting standards for straight- 
ness, concentricity and tolerances, 
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With Pittsburgh Steel’s Tubing 


Fast service, straightness, and minimum stock removal convinced Anker- 
Holth that ‘‘Pittsburgh was best we could get for this job.’’ Cylinder meas- 
ures 5 inches by 4 inches by 143 inches. Anker-Holth specializes in power 
cylinders with bores from one to 48 inches, and strokes to 45 feet. 


allows Anker-Holth to simplify its 
cleanup process of the cylinder’s ID 
and centerless grinding of the piston 
rod’s OD. 

Machinability and weldability of 
Pittsburgh Steel’s tubing are vital 
factors in Anker-Holth’s producticn, 
too, because plugs, ports, sleeves, 
piston and end covers are threaded 


and/or welded to the piston rod and 
cylinder in this application. 

Contact one of the distributors or 
district sales offices listed below. 
Then let Pittsburgh Steel Company 
demonstrate its ability and readiness 
to help. You, too, will find that Pitts- 
burgh Steel’s tubing is the best you 
can get. 





Boker Steel & Tube Company 
Los Angeles, California 
Chicago Tube & Iron Company 
Chicago, Illinois 
Cleveland Tool & Supply Co. 
Cleveland, Ohio 
Drummond, McCall & Co., Ltd. 
Montreal, Quebec, Canada 
Edgcomb Steel Company 
Philadelphia, Pennsylvania 
Gilmore Steel & Supply Co. 
San Francisco, California 
Earle M. Jorgensen Co. 





Pittsburgh Seamless Distributors 


Perry Kilsby, Inc. 
Los Angeles, California 


Mapes & Sprowl Steel Co. 
Union, New Jersey 

Metal Goods Corporation 
St. Lovis, Missouri 

Miller Steel Company, Inc. 
Hillside, New Jersey 

A. B. Murray Co., Inc. 
Elizabeth, New Jersey 


C. A. Russell, Inc. 
Houston, Texas 


Ryerson, Joseph T. & Son, Inc. 
Chicago, Illinois 

Solar Steel Corporation 
Cleveland, Ohio 

Standard Tube Sales Corp. 
Brooklyn, New York 

Steel Sales Corporation 
Chicago, Illinois 

Tubular Sales 
Detroit, Michigan 

Ward Steel Co. 
Boston, Massachusetts 

Ward Steel Service Company 
Dayton, Ohio 








Pittsburgh Steel Company 


Grant Building 


Pittsburgh 30, Pa. 





DISTRICT SALES OFFICES 


Cleveland Detroit 


Dayton 


Atlanta 
Chicago 


Houston 


Los Angeles Pittsburgh 
New York Tulsa 
Philadelphia Warren, Ohio 
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a must for 
your files... 


free data books 
from Allegheny 


SPECIAL STEELS FOR INDUSTRY .. . 16 pages, 
jam-packed with technical information on principal 
Allegheny Ludlum products: stainless, tool and 
electrical steels and Carmet carbide materials. In- 
cludes: a stainless steel Finder chart giving analyses 
physical data, properties, etc.; data on stainless 
fabrication; Stainless Corrosion resistance to various 
media; charts on electrical materials and Carmet 
carbide materials: properties and treatment tor 


principal A-L tool steels. 


STAINLESS STEEL IN PRODUCT DESIGN .. . 40 pages of 
useful engineering and fabricating data including practical 
examples showing where, when, how stainless steel improves 
design, adds benefits, helps sales. Information includes 
standard sizes and shapes; designing for lower costs in form 
ing, joining, finishing, etc. with many pictures of actual 


products made and designed in stainless steel. 


PUBLICATION LIST . . . 8-page folder that lists and describes 
all the current publications offered by Allegheny Ludlum: 9 
general publications, 14 on stainless, 10 on stainless applica 
PUBLICATION tions in specific industries, 16 technical data sheets on stain 
less, 40 on tool steels, 20 on Carmet carbide materials, 5 on 


» - 
LIST forgings and castings, 12 on electrical steels. There is a handy 


order form to use in getting the data you need. 


As the major producer of special alloy steels for industry 
egheny Ludlum naturally offers much more than steel 
» Allegheny Ludlum tural f I I 
TO OBTAIN Ten strategically located plants provide prompt mill deliveries 


and stock shipments are made from warehouses in all indus 


copies of 


of the Wneratare that jr avail | 
Root oot nneet the 


trial centers. Staff specialists from the mills working with the 
sales engineers from the sales office provide assistance when 
three valuable requested. Whenever you have a problem involving stainless 
high-temperature, electrical, magnetic or tool steels or sintered 
data books carbides, let us help. Allegheny Ludlum Steel Corporation, 
shown above, Oliver Building, Pittsburgh 22, Pennsylvania. 


just address 





wew 6764 


your request 


ed oa ALLEGHENY 
2 Eames LUDLUM AL 


PIONEERING on the Horizons of Steel 














CIRCLE 94 ON READER SERVICE CARD PRODUCT ENGINEERING — Design Digest Issue 





METALS AND ALLOYS | SS | 


One of the toughest jobs facing any executive group is 
PRE-PRODUCTION PLANNING. You've got to keep pace with 
technology—weigh costs—standardize quality—anticipate profits. 
And you've got to do all these things before production begins! 


It pays to look at the special metals being processed 


at Wolverine Tube, Division of Calumet & Hecla, Inc. 


BEFORE YOU DECIDE! 


In process work, such metals as zirconium, columbium, titanium, tantalum, molybdenum and 
nickel alloys can be of major importance. 

For example, several of these have exceptionally high resistance to acid corrosion. Others have 
the ability to stand up under extreme high temperatures. Stull others have exceptionally low 


neutron absorption. 


Although higher in initial costs, tubing and shapes extruded from these metals have the stamina 
to stand up under rugged operating conditions -contributing to substantial savings in replace- 
ment costs, reduced maintenance, longer life, uninterrpted production. Pre-production planning! 
Wolverine Tube’s experience and development research in this field are available to you. If your 
company handles chemicals—or uses heat transfer equipment—before you make any decision, 


talk to Wolverine. Pre-production planning again! 


WOLVERINE TUBE 


®: DIVISION OF 
7, Calumet Hecla, Inc. 


DEPT. E 17278 SOUTHFIELD RD., ALLEN PARK, MICH 


Manufact 








PLANTS IN DETROIT, MICHIGAN AND DECATUR ALABAMA, 
SALES OFFICES IN PRINCIPAL CITIES 
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3 Discharge Valve 


SWITCH FROM 
SAND CASTINGS 
TO BRASS 
FORGED PARTS 


Titan 


Division 


Here's why! Your component parts forged 
of Titan brass will outperform any you now 
buy as sand castings. No more costly re- 
jects due to blow holes and sand inclusions. 
Eliminate leakage and other product fail- 
ures. The twice-wrought metal in brass forg- 
ings has the inner toughness and density to 
give you new strength and workability. 
Thinner sections can be used. 


Tensile strength is almost double that of 
most sand castings. Closer tolerances, di- 
mensional uniformity of production lots, 
and superior finish unknown in sand cast- 
ings are routine in Titan forgings. For you 
this means faster chucking and better ma- 
chinability—threads can often be chased on 
the forging without preliminary forming. 
And you have less scrap and less finishing 
cost prior to plating. 


In a Titan forged part you get greater eye 
appeal to help sell your product. Look at 
the smooth surface of these forgings to see 
what we mean; each was once a rough sand- 
cast part. 


May we say more? Call your nearest Titan 
office for detailed information and a brass 
forging quote on your sand-cast parts. 


METAL 
MANUFACTURING 
COMPANY 


oF CERRO DE PASCO CORPORATION 


Bellefonte, Pa. © Newark, Calif. 


Offices & Agencies in Principal Cities 


RODS « 


® 
1 45 Years of 


Quality Brass 


WIRE © FORGINGS e DIE CASTINGS « WELDING RODS 


Send for 32-page |@& a r 
Titan Forging Handbook SOX J 
Write us on your | @ 


— 
letterhead. PY 8)= | 
02am 

Ye 
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catalogs and bulletins. . continued 
(B-95) Roll Formed Shapes—Brochure, 8 
pp. Illustrates some sections. Gives sizes 
of butted and lockseam tubing. Notching 
and finishing also done. Roll Formed Prod- 
ucts Co, 3768 Oakwood Ave, Youngstown, 
Ohio 


(B-96) Self-lubricating Metal—Brochure, 4 
pp. Presents mechanical properties, appli- 
cations, machining instructions, wear rate 
curves for a powdered metal and graphite 
material. Deva-Metal Div, S K C Research 
Associates, 445 Fifth Ave, Paterson 4, NJ. 


(B-97) Rhodium Plating—Bulletin, 20 pp. 
Describes equipment and explains how to 
use electroplating solutions. Sel-Rex Corp, 
75 River Rd, Nutley 10, NJ 


(B-98) Platinum Plating—Bulletin, 4 pp 
Furnishes instructions for using and discus 
sion of advantages of platinum electroplat 
ing solutions. Sel-Rex Corp, 75 River Rd, 


Nutley 10, NJ 


(B-99) Centrifugal Castings—Brochure, 8 
pp. Describes process and facilities for pro 
ducing nonferrous castings. Chart of alloy 
properties included. Wisconsin Centrifugal 
Foundry, Inc, 905 E St Paul Ave, Wauke- 
sha, Wis« 


(S-100) Nickel Plating—Bulletin, 13 
Describes how to contro] and test 
nickel electroplating solution. Gives prop 
Sel-Rec Corp, 75 River 


PP 
mix, 


erties of deposit 
Rd, Nutley 10, NJ 


(B-101) Decorative Gold Plating—Bulletin, 
7 pp. Provides instructions for using solu 
tions that produce several different tones 
Sel-Rex Corp, 75 River Rd, Nutley 10, 
NJ. 


(B-102) High Temperature Gold Plating— 
Bulletin, 4 pp. Instructs in use of solutions 
which plate for high temperature applica- 
tions or electroforming. Sel-Rex Corp, 75 
River Rd, Nutley 10, NJ. 


(B-103) Industrial Gold Plating—Bulletin, 
6 pp. Tells how to use solutions for plating 
in still or barrel. Sel-Rex Corp, 75 River 
Rd, Nutley 10, NJ. 


(B-104) Stainless Steel—Brochure, 31 pp. 
Describes composition and properties of 
some 200, 300 and 400 series. Sharon Steel 
Corp, Sharon, Pa. 


(B-105) Bars and Tubes—Bulletin, 6 pp 
Gives alloy properties and range of sizes of 
centrifugally cast bars and tubes. The Shen- 
ango Furnace Co, Centrifugally Cast 
Products Div, W Third St, Dover, Ohio. 


(B-106) Nonferrous Centrifugal Castings— 
Bulletin, 4 pp. Furnishes alloy analyses and 
properties. Shows casting and machining 
capabilities. The Shenango Furnace Co, 
Centrifugally Cast Products Div, W 
Third St, Dover, Ohio. 


continued 
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WHAT’S DIFFERENT ABOUT 
JazL PRECISION STRIP STEEL? 


The big difference in J&L strip steel is controlled uniformity. 


When J&L Precision strip is ordered to exacting specifications, you can be sure 
that your specifications will be met . . . inch after inch, coil after coil, time 
after time. 

The dimensional accuracy of J&L strip steel, consistently maintained, offers many 
cost-saving advantages. This means fewer rejects; fewer production problems; 
less down-time for tool adjustment. This means that you are getting the steel you 
pay for .. . in terms of maximum product yield per ton. 

How? 

By delivering the steel you order . . . to your specifications . . . J&L helps you to 
achieve optimum production with control of in-plant fabricating costs. 

The experience, facilities, and accumulated know-how of a specialized organiza- 
tion . . . directed exclusively to the processing of low carbon, high carbon, alloy, 
tempered and stainless strip steels . . . are available to work for you. For assist- 


ance in solving your problems, call your J&L Stainless and Strip Division repre- 
sentative; or write to Dept. 233-Y-916. 


STRIP 


LOW CARBON + HIGH CARBON + ALLOY + STAINLESS 
TEMPERED SPRING STEEL + ZINC AND COPPER COATED 


Jones & Laughlin Steel Corporation « STAINLESS and STRIP DIVISION + Youngstown 1, Ohio 
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catalogs and bulletins ...... continued 


(B-107) Brazed Honeycomb—Brochure, 22 
pp. Shows manufacturing methods, uses, 
properties of brazing alloys and core foils. 
Solar Aircraft Co, 2200 Pacific Hwy, San 
Diego, Cal 


(B-108) Alloy Steels—Catalog, 24 pp. Fur- 
nishes analyses, properties, instructions for 
Door Opener heat treatment Includes applications 
Tread Plate guide, weight table and hardness conver 
sion table. Wheelock, Lovejoy & Co, Inc, 
128 Sidney St, Cambridge, Mass. 


(B-109) Ultrahigh Strength Steel—Bro 
chure, 16 pp. Discusses properties and 
Commercial fabrication of a cobalt modified steel for 
Door Shape rocket propellant chambers and _ similar 
uses. Universal-Cyclops Steel Corp, Eng 
lish Ave, Bridgeville, Pa 


(B-110) Precipitation Hardening Tubing— 
Bulletin, 4 pp. Describes small diameter 
tubing made of stainless steel alloy contain- 
ing molybdenum. Superior Tube Co, Nor- 





ristown, Pa 


(B-111) Electroplating Gold—Brochure, 5 
pp. Discusses characteristics of the 24Kt 
plating, and methods of plating and test 
ing. Technic, Inc, 88 Spectacle St, Cran 


Appliance 


Trim Section (B-112) Aluminum Coating—Brochure, 4 


pp. Describes hot-dip coating of ferrous 
metals with aluminum to protect against 
hemical and high temperature corrosion. 
Arthur Tickle Engineering Works, Inc, 21 
Delevan St, Brooklyn 31, NY. 


Here are more examples of P-E Aluminum 
Extrusioneering. All angles, flutes and 
varying thicknesses required for each piece 
are produced in a single operation without 
machining. Each design offers inherent ad- (B-113) Centrifugal Castings—Catalog, 

vantages of greater strength in less weight pp. Gives properties and uses of bronze 
and the plus benefits of a durable, non- | __ brass and aluminum alloys. Outlines cast 
corrosive finish. As indicated, the experience ing ¢ — s of company. T’ = Brass 
pn re ieee of P-E engineers provides invaluable aid in — Inc, 1825 W 213 St, Torrance, 
out die charge in o wide range the functional design of extruded shapes ; 


of rod, bear, and tubing sizes, . ° . . 
and numerous shapes. which effect substantial savings in manu- (B-114) Welded Tubing—Catalog, 48 pp. 
NON-COMPETITIVE facturing costs. Provides tables of physical, chemical and 

r ] operties, size weights and 


We produce extrusions only, do electrical proj - 
not fabricate or manufacture any SIMPLE COMPLEX —LARGE OR SMALL her data for welded stainless steel] and 
other product. You get experi- , : 1 j T t Tul 
enced, confidential help in creat- ‘ ie R | lg 1 y tubing an pipe ren ube 
. 9 > , > > ’ 
nt Diy Nt came shape to suit You'll find P-E is also well equipped to Cc 498 S Church St, E l'roy, Wisc. 
produce almost any type or size extrusion 
re DIE COST M to serve your needs. For example, there are 
xperienced engineering, - e : 
| die euahien eorcien over 5000 standard cataloged shapes avail- 


sign, and die making services 


save you time and money, make » » = —— P > “¢ data in 1 mnalyse ot stainle SS and high alloy 
same a0 Gideabiadaaiaek tetee able without a die service charge, or, if ees eaiaarieest toe, | Os 


Practical necessary, special shapes can be designed , sis ton Real “pile 

ae fs | ; rom Chairs to heat exchanger 

VERSATILE EQUIPMENT and experimental runs provided at low cost . mical piping. Trent Tube Co, 498 

Small, medium, and large ; Var’ . > a iad a ‘ 
to suit your specific needs. hurch St, E Troy, Wisc 


Presses permit economical pro- 


duction. Complete integrated fa- ; . . 
WRITE FOR FREE CASE STUDIES — For more my % | (8116) Small Tubing—Bulletin, 12 pp 





ADVANTAGES OF 
P-E EXTRUSION 
MILL SERVICE 


(B-115) Pipe and Tubing—Catalog, 47 
Pi 


ides table of sizes, weights, corrosion 


cilities from billet casting te 
finished extrusion. facts about P-E’s Extrusioneering service 4 
g 


write for case study bulletins illustrat- 
ing actual solutions to design problems. 


Gi nanufacturing capabilities for fer- 
und nonferrous tubing as small as 
in. OD. Uniform Tubes, Inc, Col 

ille, Pa 














PRECISION EXTRUSIONS, INC. : 
721 E. GREEN AVENUE © BENSENVILLE, ILLINOIS (B-117) Powdered Metal Parts—Brochure, 
Phone: POrter 6-0340 © (Chicago) NAtiona} 5-4600 I Briefly explains production process. 
; , ; ; yr und charts give design values for 
Chicagolends dest Mos} Experienced Aluminum Extruder powdered metal bearings. US Graphite C 


SALES INDIANAPOLIS MILWAUKEE GRAND RAPIDS MINNEAPOLIS DETROIT Saginaw, Mich 
OFFICES Clifford 1-8525 BR 2-1307 GL 6-1382 WA 2.6888 TU 1-5400 
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METALS AND ALLOYS 


KENNAMETAL 


HARD CARBIDE ALLOYS AND METALLURGICAL PRODUCTS 


PRODUCTS PROPERTIES TYPICAL APPLICATIONS 





Y ME of 60 to 90 million psi Metalworking and mining tool cutting edg 
Compressive strength higher than virtually all melted Die inserts. 
and cast or forged metals and alloys. Seal rings. 
Kennametal Kennametal outwears steel up to 100 to 1 Integrator discs 
(tungsten- Impact strength in the range of hardened alloy steels of Needle valves and cones 
very much lower hardness and compressive strength Compressor liners 
base Thermal expansion about half that of steel Pulverizing hammers 
carbides) Compositions to withstand one or various combinations Abrasion resistant knives, blades 
of destructive agents such as abrasion, corrosion, Boring bars 
galling, impact, and erosion, or meet specific require- Spray orifices 
ments as to stiffness, strength and weight. Balls and seats for oil well pump val 


— Se. 





Superior strength and abrasion resistance at tempera- Sensing elements for high 
tures 1800°F. and up. . . temperatures that rapidly thermostatic controls 
destroy conventional carbides or high temperature Spinning tools for hot metals 

Kentanium* cast alloys Flash-trimming tools 

titanium- Can be subjected continuously to operating tempera- Turbine components 

( tures up to 2200°F., and up to 5000°F. for short Balls for pump check valves 

base periods Nuclear reactor equipment 

carbides) Greater resistance to thermal shock than ceramics Rotary seal rings 

Highest stiffness-to-weight ratio of any material Hot rod mill guide inserts 
approximately 2g the weight of steel Anvils for spot welding 

YME up to 60 million psi Balls for hot hardness testing 





In powder form as basic materials 


Refractory ae 0 t—5000°F 7000°F Acid resistant parts and crucibles 
Carbides a Seo + 5S rm ' High temperature furnace parts 





Counterweights 

: - Radioactive shielding 

Nominal Density: 16.5 to gm/ce Isotope containers 

Heavy Machinability Good Atomic watch shielding 

Tungsten ee en ere Shielding—cobalt and X-ray medical ¢ 

Allovs ar oe es. Rotational parts—flywheels, gover 
x eadily brazed with Easy-Flo No. 3 Compound gyroscope components 

Available as bars, rods, rings, discs, special shapes Electrical contactors for hig! 


heavy duty applications 


Metal—99.8% grade. Granules, arc melting electrodes Arc melting electrodes 
bar, strip Nominal size 1” x 2” x 
Metal—99.5 and technical grades. Powders, gran- Niobium-base alloy electrodes 
ules, arc melting electrodes Powders: 20 to 80 mest 
Oxide—99% and 99.5% grades. Fine powder Granules: *;” to 40 mes! 


Anodes: Sintered for both liquid and solid 
Metal—99.9% (capacitor) grade electrolytic capacitors, wide range of sizes 
Solid form—strip, bar, wire Strip: .001” to .100” thick, up to 12” wid 

Metal—99.5% grade. Granules Wire: From .005” to .030” 

Metal Powder—99.8% grade. Fine powder. Powder: 200 mesh. Other sizes available 
Oxide—99% grade. Fine powder. Oxides: In analyses and particle sizes to 
meet specific requirements 








*Trademark 
FOR DETAILED INFORMATION send for: 


1. Properties of Kennametal — 24-page in designing with carbides, fastening meth- 
outline of the company, its history, manu ods, typical applications 
facturing methods and fac ilities. Plus a 4. Proven Uses of Kennametal and Ken- 
detailed description of Kennametal and tanium—28-page case history book illus- 


Kentanium characteristics physical and 
a 7 trating wear, component parts, and other 
mechanical properties, with suggestions for in DUSTRY AND 


special applications in 26 major industries 
design application Cites customers’ savings, Kennametal fa- 
. Kentanium 12-page description of physi- cilities, and services. 2 
cal characteristics and applications of 
. Designing with Kennametal—42 pages Write Dept. PE, KENNAMETAL INC., Partners . 
of design ideas . . . problems and solutions Latrobe, Pennsylvania. ya5te 7 ma Progress 
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METALS AND ALLOYS 


catalogs and bulletins continued 


(B-118) Seamless Mechanical Tubing 
Bulletin, 24 pp. Lists sizes, wall thick 
nesses, surface finishes, applications and 
formed tube shapes. National Tube Div, 
US Steel Corp, 525 William Penn PI 

Pittsburgh 30. 

(B-119) Low Temperature Brazing Alloys 
sulletin, 12 pp. Presents tables of braz 
haractertistics and discusses silver 

brazing process. United Wire 

y Co, Elmwood Ave, Providence 


(B-120) High Temperature Steels—Bro 


pp. Examines properties and 


fabrication of two 5% chromium steels for 


- 4 
4 Ef th ht iircraft and missiles. Universal-Cycl 
BEARIUM| “oe answer ae Seer 
$ (B-121) Welded Stee ing—Brochure, 
meTAL | 0 YI any hepa Ayes tee 
| 
- hearing problems round st el tubing. Wh atland lube Co, 


Whether your applications involve high speeds, (B-122) High Temperature Metals—B: 
poor lubrication, excessive loads, elevated , 48 pp. Describes processing of the 
temperatures, dusty and gritty surroundings a ane cumpeetion, pregpeiias ond 
or the use of liquids other than oil lubrication, mie ;, “2 ; ; i sees — 4 gg 
you can specify BeEARtuUM METAL with : ¢ 
confidence in its ability to deliver top bearing ~agfht ee 
performance. And because BEARIUM METAL . eee 
Bearings, even without lubrication can and inches tuailte ties "Sides dae eee 
will stand up under sustained heat and load yed before being powdered. Vanadium 
without seizing or scoring the mating part, \ Steel Co, Latrobe, Pa 
it is obvious that its unusual frictional B-124) High Strength Steel—Brochu: 
characteristics provide a “factor of safety” yp. Presents discussions of properties, sp¢ 
and “emergency features” not found il treatments, fabricability, welding 
in any other bearing material. teel suggested for high temperature 
. ft u Vanadium-Alloys St Co 


B.123) Prealloyed Metal Powders—B: 


FEATURES: 
Non-Seizing and Non-Scor- 
ing « Long Wearing « Self- 
Lubricating * Low Coeffi- 
cient of Friction * High 1 
Compressive Strength « Re- 
Boartem Ete! rea sistant to Shock Loads » B-126) Porous Chromium—Broch 12 


ere agicepias Sound, Uniform Structure. D. ” i : son witl 
(Above left) BEARIUM METAL magnified 25X cribes electroplated chromium with 
shows lead (black) in microscopic, globular pores f oil retention sed on cylin ler 
form, uniformly distributed. (Right) ORDINARY . 
LEADED BRONZE at 25X shows poor lead dis AVAILABLE IN: liner \ an der Horst Co p of Ame: 
tribution, with lead between copper grains Cored and Solid bars, cen- Box 557, Olean, NY. 
terless ground rods, ma- 
Try BEARIUM METAL on one of chined parts and pattern (B-127) Colored Stainless Steel—Brochure, 
your — a a castings. 8 pp. Furnishes mechanical properties of 
prove it to your satisfaction noleinen steel a : oA” 
; stainless s ith baked organic coatin 
Complete literature on request. unless stee ed organic 8 
Gives physical, weathering and washability 
test results. Washington Steel Corp, Wash 


Write for Bearium Metal Story seepene tie 
(B-128) Copper Base Alloys—Catalog, 64 
BEARIUM METALS pp. Tables give analyses and properties ot 
fam nickel silvers, phosphor bronzes and special 
CORPORATION alloys plus tolerances for sheet, strip and 
— Also includes facilities and reference 
Mill at Commercial St., Rochester 14, N. Y. ibles. Waterbury Rolling Mills, Inc, Wa 


West Coast: Canada: yuury, Conn 
NEVIN ENGINEERING ASSOCIATES BEARIUM METALS OF CANADA, Ltd. P , 
Pacific Palisades, Calif. Richmond Hill, Ont. continues 
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(B-125) Tool Steel—Catalog 


emical composition, heat treatment 


yperties and applications of metals 
s, cutting, molds. Vanadium-Alloys S$ 


Latrobe, Pa 


nr 
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GIANT TRANSPORTER FEATURING 
ACIPCO “WALKING BEAM ASSEMBLIES” WILL HELP... 


Saturn's conquest of space 


The moment draws near when America's These rugged assemblies are con- 


Saturn rocket will thunder into space structed of high strength alloy steel and 


elaborate ground 


But in the meantime comprise centrifugally spun and statically 


preparations are now taking place cast component parts all produced 


N.A.S.A. Marshall Space 
Alabama, 


From the at Acipco. Also, all precision machinin 


Flig Center in Huntsville, and intricate fabrication work were done 





Via a circuitous land and water route to 


the launching site, the missile and _ its 
valuable cargo will be gently cradled on 
the huge transporter shown here. Acipco 
walking beam assemblies (upper left) 


are vital parts of this transporter 


by skilled Acipco personnel 

While your tubular product applica- 
tion may not be destined for outer space, 
Acipco’s production “know how” and 
complete “under one roof” facilities can 


assist you, too. Your inquiry is invited 


Cre CO 
SPECIAL PRODUCTS 
AMERICAN CAST IRON PIPE CO. 


BIRMINGHAM 2, ALABAMA 


DIVISION OF 
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METALS AND ALLOYS 


catalogs and bulletins. ? continued 


(B-129) Zinc-coated Steel Sheet—Brochure, 
20 pp. Prevents applications and advantage 
of dipped and electrolytically coated sheet. 
Lists gages and widths available, manufac 


Long on turing forming processes possible. Weirton 
Steel Co, Main St, Weirton, W Va. 
s 
service — (B-130) Steel Castings—Brochure, 6 pp 


Gives all ASTM specifications which apply 
short on Steel Founders’ Soc of America, 606 
l‘erminal ‘Tower, Cleveland 


(B-131) Small Metal Tubing—Bulletin, 12 
pp. Gives materials characteristics, sug 
gested uses for tubing from 24 in. to 0.012 
in. OD. Superior Tube Co, Norristown, 


Pa 
(B-132) Special Steels—Brochure, 14 pp 


ALCOA UTI LITUBE Giv unalyses for saw steels and stainle 
steels. Discusses other types such as heat 


resisting, soft center, clutch and high 


cuts tubing costs up to 40% for trength steels. Ingersoll Steel Div, Borg 


fuel, air, hydraulic and oil lines Warmer Corp, New Castle, Ind 

Why pay more? Alcoa® Utilitube saves up to 40° B-133) Magnesium Mill Products—B 
of the cost of comparable copper tube. And this chure, 8 pp. Briefly describes magnesium 
fine coiled aluminum tube gives you all these alloy sheet and plate, tooling plate, foun 
fabricating and service benefits: dry pattern plate and boron carbide alu 
minum clad with pure aluminum. Brooks 


ee 


Outstanding Corrosion Resistance * No Sludge or Gum 
Formation * Long Lengths (to 1,000 ft) * Light Weight ('s & Perkins, Inc, 1950 W Fort St, Detr 
that of copper) * Easy Bending with Less Work Hardening 
Alcoa Utilitube and aluminum fittings of several 
makes are immediately available from stock through 
Alcoa distributors. The Alcoa sales office listed in 
the Yellow Pages of your telephone directory can ind photographs to explain term 
furnish the name of a distributor near you. ige hardening to yield strength. La Sa 
Detailed design and specification data are con- Steel Co, Chicago 8 
tained in the booklet, Alcoa Utilitube. To get your 
free copy, mail the convenient coupon. 


B-134) Dictionary of Steel Terms—Bul 
34 pp. ¢ mbines text, tables I 


tr 


B-135) Cold Finished Steel Bars—Bul! 
tin, 12 


1 
on 


properties, machining speeds and feeds { 





Shows chemistry, physica 


Aluminum Company of America 
880-J Alcoa Building, Pittsburgh 19, Pa. iutomatic screw machine Stee 
Please send me your free booklet, Alcoa Ufilitube. verely cold-worked, furna treated a1 

has copper added for machinabilit La 


Salle Steel Chicago § 





Name Title 


Company 


B-136) Fatigue-resistant Steel Bars—B 


A “ 
aon tin, 24 py Curves and tables provid 
City Zone State lata on strength, machinability and fa 


For exciting drama, watch “Alcoa Presents” every igl rocess 1m ludes elevated tem] 
Tuesday, ABC-TV, and “Alcoo Theatre > i ' I 
alternate Mondays, NBC-TV ture drawing. La Salle Steel Co, Chicag 


(B-137) Machining Time—Bulletin, 6 pp 
Discusses parts cost as determined by 
material cost and machinability. Include 
sample calculations and graph La Sall 
Steel Co, Chicago 80 





(B-138) Seamless Steel Tubing—Catalog 
56 pp. Gives properties and dimension 
of cold drawn tubing for mechanical, pres 
sure and aircraft uses. Includes descrip 
tion of processes and practices plus refet 
ence tables. Michigan Seamless Tube Co, 


] 
atcoa § | S Lyon, Mich. 
ALUMINUM | e 
sine daieesnie Ge'éanbenen |  (B-139) Residual Stresses—Bulletin, 25 pp 
Full title is Residual Stresses in Cold-fin 
ished Steel Bars and Their Effect on 
Manufactured Parts. La Salle Steel Co, 


Chicago 80. 
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SECTION . oe 


NONMETALLIC MATERIALS 
AND FINISHES. 


Design Abstracts 


Refractory Materials Today 


Designing for Simpler Metal Finishing Techniques 


by Adrian Walmsley 


Quick Facts About Porcelain Enamel 


9 Plastic Foams 


by C. R. Davall 


Lignum Vitae—A Unique Engineering Material 


Plating Nickel on Aluminum Alloys 
by James T. N. Atkinson 
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| DESIGN ABSTRA 


ABLATION MATERIALS 


Ablation is a complex process, in 
volving either sublimation or com- 
bined melting and vaporization, as 
well as decomposition, combustion, 
ind chemical reaction between com- 
in the boundary layer. De- 
sirable properties in ablation mate- 
low molecular weight gases 
is final product of decomposition; 
high endothermic enthalpies of de- 
composition; high activation energies 
for decomposition; small temperature 
differences between melting or soften- 
ing point and vaporization point; 
high liquid viscosity and specific heat, 
low liquid thermal conductivity; high 
specific heat for solid; low thermal 
conductivity for 
solids upon pyrolysis. 


ponents 


7 


riaiS are 


residual 
Low molecular 
gaseous-decomposition prod 
ucts are desirable because of their 
large heat capacity and diffusion co 
efficients. The large amounts of gas, 
which form in the boundary laver, 


solid; no 


weight 


a blocking action 
ducing the rate of heat transfer 


tend to exert 


“Evaluation of Ablation Materials for High 
Temperature Application,” Schwartz, Bandaruk, 
and Mills Aeronautic Div, Ford Motor Co. SAE 
paper 98T, SAE, 485 Lexington Ave, New 
York 17 


* 


Stress Limits for Thermoplastics 


Describes a testing procedure that 
will define the relationship among 
such design variables as stress magni- 
tude, length of time of stress ap- 
plication, temperature of part and the 
amount of relaxation and creep that 
occurs in thermoplastic structural 
components. 


“Working Stress Limits for Thermoplastic Struc- 
tural Components,” Harris and Burlew, Dow 
Chemical Co and McGarry, MIT. SPE paper 
8-1. Society of Plastics Engineers Inc, 65 Pros- 
pect St, Stamford, Conn. 


* 


Ultraviolet vs Structural 
Plastics 


Space vehicles and their component 
materials at extreme altitudes will be 


104 


exposed to environments of greats 
reduced pressure and intense solar 
radiation. Experimental studies were 
conducted on the effects of combined 
nvironments of heat, low pressure 
ind ultraviolet radiation on the 
change in weight and flexural strengths 
of glass reinforced polyester, epoxy 
and phenolic laminates. All plastics 
lost weight; some gained in strength 
and others lost 25-30% in flexural 
strengths. 

“Influence of Ultraviolet and Vacuum Environ- 
ments on Structural Plastics,” Harold M. Pres- 
ton and Norman E. Wahl, Cornell Aeronautical 
Laboratory Inc, Buffalo 21, NY. Proceedings of 
the Institute of Environmental Sciences, Box 
191, Mt Prospect, Il. 


* 


Structural Design of Plastics 


In the first part of this article, the 
mechanical properties of plastics of 
particular interest to the designer of 
structural parts are discussed. In- 
cluded are analyses of such factors a 
the stress-strain curve; effect of tem- 
perature and loading time and envi 
ronment; yield point; tension, com 
pression and flexure. In the second 
part, devoted to method 
means of applying the mechanical 
properties and concepts presented 
earlier are described and illustrated. 
Typical formulas for designing within 
the modulus accuracy limit are given, 
as well as curves on such factors as 
beam deflection and max load capa- 
city. 


design 


“Structural Design of Plastics,” Baer, Knox 
et al, E 1 du Pont de Nemours & Co. SPE 
Journal, April ‘60, 65 Prospect St, Stamford, 
Conn. 


* 


Plastic Colorants 


Manufacturers and end-users have 
always been aware that color in plas- 
tics means dollars and cents in terms 
of the intangible “visual appeal” that 
moves goods off the shelves. Choos- 
ing the right colorants and coloring 
techniques can also be translated into 
dollars and cents by expediting pro- 
duction and satisfying the customer. 


The best wav to achieve this com 


mercial and economic success is to 


know the coloring industry 


ind how 
it services the plastics industry; and 
know the advantages and limitations 
of available colors, colorants, and col 
] 


ring techniques. This article is a 


How to Choose the Correct Colorant,’’ Modern 
Plastics, April 1960, 575 Madison Avenue, New 
York 22. 


Acetal Resins 


Properties, methods of processing 
ind applications of the group of plas- 
tic materials known by the trade 


name, “Delrin,” are reviewed. 


“Acetal Resins,” G. F. C. Barrett, Du Pont Co 
Ltd, Plastics, April ‘60, Bowling Green Lane, 
London EC 1, England 


va 


Producing Special 
Properties in Epoxies 
with Fillers 


How fillers such as silica 
ilcium carbonate, zirconium silicate, 
powdered metals can effect insulating 
qualities, shrinkage rates, thermal ex- 
pansion, heat dissipation, self-extin- 
guishing characteristics, resin viscos- 
ity, foam density of epoxy resins. 


mica, 


“Producing Special Properties in Plastics with 
Fillers,“ Formo and Isleifson, Minneapolis- 
Honeywell Regulator Co. SPE Journal, Aug 
1959, 65 Prospect St, Stamford, Conn. 


* 


Sandwich Structure Exposure 


This paper summarizes a portion 
of a program consisting of three-year 
exposures of a variety of types of sand- 
wich construction and core materials 
at two separate test sites. One at 
Kure Beach, North Carolina, had a 
natural environment that included 
exposure to a salt water atmosphere, 
direct rays of the sun, wind driven 
sand, and several seasons of hurri- 
canes. The second site on typical 
farm land at State College, Pennsyl- 


PRODUCT ENGINEERING — Design Digest Issue 





environment mr the 


f the northeastern 
] 


including exposure to 


and ice 


In snow 


Effect of Natural Environment on Sandwich 
Structure Using AMS 3722 Paper Honeycomb 
Core,” by Robert F. Zemer, Materials Research 
& Process Engineering, Douglas Aircraft Co, 
Inc. ASTM Paper No. 83 


* 


Significance of Surface Finish 


Dimensional values for surface con- 
ition are discussed, surface waviness 

illustrated, technique of taper sec 
tioning to reveal surface ridges is de 
scribed, and the significance and 
surface 


geometry f roughne Ss are 


inalyzed 

Significance of Surface Finish on Friction Wear 
and Lubrication,’ A. Sonntag, Alpha-Molykote 
Corp; presented at Seminar on Friction, Lubrica 
tion and Wear, Burgenstock, Switzerland, Sept 
17-18. Available from Alpha-Molykote Corp 
Stamford, Conn 


Influence of Surface Properties 
on Corrosion Resistance 


In an effort to determine reason 
for difference in corrosion resistance 
of steel sheet used for 

] 


body panels, steel chemistry was ana 


automotive 


lyzed, hardness measured, surface con 
dition checked. Although 
tion did not rule out other factors, 
developed 


investiga 
substantial evidence was 
that lead contamination was an im- 
portant cause 

“Influence of Variations in the Surface Prop 
erties of Steel on the Corrosion Resistance of 
Body Panels,” Gene L. Leithauser, General 


Motors Research Laboratories, SAE paper 
134A. SAE, 485 Lexington Ave, New York 17 


* 


Self-extinguishing 
Plastics 

Wall chart lists all 
ing elastomer compounds available at 


time of publication. It is broken 
resins and 


elf-extinguish 


down into three sections 
molding compounds; film, sheeting 
ind laminates; plastic foams. Trade- 


NONMETALLIC MATERIALS AND FINISHES 


names, tests passed, properties, 


I 


facturers names are given. 


Modern Plastics Chart of Self-extinguishing 
Plastics Materials.’ Modern Plastics, Nov ‘59 
575 Madison Ave, New York 22 


* 


How Surface Condition Affects 
Paint Performance 


The condition of the surfaces of 
steel products produced and finished 
by various processes and materials are 
liscussed. Describes methods of iden 
tifying type of surface contamination, 
ind suggests means of altering steel 
production practices to improve sut 
race quality. 

The Influence of Cold-rolled Steel Surfaces 

and Paint Testing,” 
G. W. Grossman, Jr, Q-Panel Co; Official 
Digest of Federation of Societies for Paint 
Technology, Dec ‘59, 121 S Brood St, Phila 
delphio 7 


on Paint Performance 


% 


Rolling Friction of Polymers 


Coefficients of friction for rolling of 
eel balls on butyl, silicone and nec 
prene are given, for the 
range 77 to 212 F. Evaluation of the 
indicate that, for 


deformation, 


temperature 
results reported 
equivalent amounts of 
rolling friction is directly proportional 
losses meas- 


to dynamic mechanical 


ured by a rebound method 


‘Rolling Friction of Polymeric Materials,” 
Donald G. Flom, General Electric Research 
Laboratory. Journal of Applied Physics, Feb 
60, 335 E 45th St, New York 17. 


* 


Surface Specifications 


Some degree of surface irregularity 
is inevitable and often desirable. The 
extent to which finish is controlled 
depends largely on an understanding 
of surface specifications and their ap- 
plication. 

Surface specifications, like toler- 
ances, should convey a specific idea 
from the designer to the tool engi- 
neer, but quite often improper use of 
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incation 
ilu Wa 
Max and min 


ugh 
cent 

required, and 

cases only one 

cases wher 

complete specification is re 
quired—and not specified—that prol 


ms 


Surface Specifications Their Use and 
Meaning Charles H. Good 
Mfg Co, The Tool Engineer, Oct 1959 
Puritan Ave, Detroit 38 


Micrometrical 


10700 


Radiation of Silicone Greases 


Silicones ¢ been terme 


] 
nuid 


In radiation envit 
legre¢ I radi 


. the 


points out the de 
on stability of the fl 
extrapolation of th I 


grease formulation 


lids ind 


terictic 


Radiation Stability of Silicone Greases, 
Fischer, Zack Jr. and Warrick, Dow Corning 
Corp; Lubrication Engineering, Oct ‘59, 5 N 


Wabash Ave, Chicago 2 


Comparing Glass and 
Organic Fibers 


+ 


An epoxy resin system common! 


used in laminates was selected for test 
which involved comparison of unrein 
forced resin laminate with other 
reinforced with glass fiber 
Results of flexural 
thermal expansion an 


ertain dynamic mechanical tests aré 


spe cimens 


ind Dacron fiber. 


] 


tensile impact, | 


Glass gives strength and stiff 


ness; Dacron, flexibility and toughness 


given 


Reinforcing Action of Glass and Organic 
Fibers in Epoxy Laminates,” C. D. Doyle, Gen 
eral Electric Co; Modern Plastics, Nov ‘59 
575 Madison Ave, New York 22 
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REFRACTORY MATERIALS TODAY 


How metals, metal oxides, carbides, graphite and modern cermets perform 


at high and low temperatures. 


Ila tnose mei ¢ ince 
ire important not onh bonded 
gas turbines and ram-jets ilumina-chromium is pical rmet 
ical resulting from such a bon FABRICATION 
Carbides, nitrides, borid 
] ind sulfides can, generall withstan 
materials includes fetals, car thermal shock better than oxid 
bor Metal-bonded titanium carbide has re 


30 in metal processing, chemica 
nan 


sing, glass making and electron 


The wide-ranging field of refra 
oxides, nitrides, silicides, b 

ntermetallic compound ived the most attenti 

velopment WOTK 

xidation resistance Recent developments in cermets 
thermal shock at high have led to “reinforced” metals wi ratur 

is low as 1-2% oxide. Poor rmal ined. Other metals 

the higl ramic ually be welded. A new te hniqui 


lgn- 
1 


temperatures are properties aimed 

n the development of these materi 
ils. This rundown of recent research 
is supplemented with charts that give 


lgnificant dé 


hock resistance of 


cermets is thereby avoided, 


fully with nickel is rolling 
small percentage of oxid powder 


useful load-bearing t 
binding metal 
GENERAL PERFORMANCE Graphite gives good pe 


T 


xtreme tempe rature se! 


emper;ra 


sign 


Molybdenum and molybd« 
reft r nace linings and electrodes, rockets, hicle 
1 during 


e alloys are promising 1S 
etals but oxidize badly. Diffusion ind ram jet 
vatings and cladding in sing 
nultiple layers of silicon, aluminum, 


molybdate, chromium anc nickel im- 


le and 


rove performance. Perfect coatings 





ire dificult to achieve. 
Metal oxides retain strength 
] temperatures than refractor 
ut withstand thermal shock 
obtain both strength and 


+ 


ERMAL CONDUC 
of how \‘ 4 ma 


The 


THERMAL SHOCK: TH 
TivitTy 1 


import 
ossible 
thermal conduct 
oxides worst; metals with 


] 


points have the lo t 


wes 
srmal expansion. There 

for nonmetal Overa 
followed b graphite 


carbide 
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——y 


HIGH TEMPERATURE STRENGTH of re 

















than intermet 


AT LOW-TEMPERATURES met I luctile 


ure about equal to the 


» from duct 


The best inte 


temper 


meta met 


FOR OXIDATION RESISTANCE at ! 


is ature rr iium he I retra 


slip casting, absorbed by a periods at extreme temperatures 


Slip casting has | 


porous 
to rication 
to l 


mold een used advances will mean 


make metal shapes not adapted 1eets, forgings and extrusions. 


forging, but mechanical properties of 
parts are to hot- 


worked parts. Vapor deposition proc- 


slip-cast inferior 
ess produces columnar-shaped parts of 
pyrolitic carbon, or boride and sili- 
Joining of nonmetals 


cide coatings 


is unexplored 


FUTURE 


Future development of refractory 
metals should bring greater high tem 
perature strength, improved oxidation 
resistance and coatings allowing short 


Nonmetals will be produced with 
higher purity and lower porosity, re- 
lieving low strength problems a little. 
Intermetallic compounds as bases for 
alloying will give better strength at 
elevated temperatures 


REFERENCE: 

Refractory Materials, DMIC Memoran 
44. Published by Defense Metals 
Information Center, Battelle Memorial In 
King Avenue, Columbus 1, 


dum 


titute, 505 


Ohio. 
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From: Engineering Materials and D 


Polishing, plating and painting of 
components can be needlessly complicated 
by the designer who fails to understand 
the limitations of the various processes. 


Here are some of the pitfalls to avoid. 


designing for simpler 


METAL FINISHING 


ADRIAN WALMSLEY 
Chairman 

North Western Branch 
Institute of Metal Finishing 


Ore of the most important factors affecting the finishing 
of metals is really the design stage of the component 
Indeed, it is one of the ever-recurring problems of a metal 
finisher, when presented with a particularly difficult object 
to polish, plate or paint, that he was not consulted earlier 
about the design. Often this would have enabled him to 
offer alternatives for considerably simplifying his task, 
cheapening the process and, at the same time, producing 
a shape more streamlined for sales appeal, without in any 
way affecting its function. 


POLISHING 


For decorative finishes, the initial process is most likely 
to be a polishing operation. This can be done by hand, 
by automatic machine or by a combination of both 
methods. 

The objects are progressively smoothed, using graded 
abrasives either on finishing bands or on felt “bobs” pre- 
pared by the polisher himself. These polishing wheels 
are usually about | in. or 2 in. thick and 10-in. or 12-in. 
diameter, although the range of diameter can vary from 
1 to 22 in. In use, the diameter decreases with wear. 
Below about 6 in. diameter, the peripheral speed has 
dropped so much (most polishing machines being of con- 
stant speed) that economical polishing is no longer pos- 
sible; the designer should thus keep in mind that a surface 
to be polished in this way should be such that it can be 
touched by a wheel of 6 to 12 in. diameter. As this oper- 
ation is the most costly of the finishing operations, the 
area, the shape and the surface condition of the metal 
all affect the time taken, and hence the cost, Fig. 1. Area 
should thus be as small as possible and surface condition 
as good as possible. Here, accidental damage such as 
scratches from careless handling in previous operations 
can be extremely difficult to remove. In general, the 
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AUTOMATIC-RETURN-TYPE polishing machine, fitted with six 
adjustable polishing heads. It is thus possible to speed up polishing 
of either simple or complex shapes. 


TECHNIQUES 


softer the metal, the easier the polishing. However, these 
softer metals, particularly zinc and aluminum alloys, are 
chemically active metals and require special plating tech- 
niques, with relatively thick coats of copper, nickel and 
chromium to give complete protection, which may offset 
any saving in polishing costs. The intended environment 
of the finished component also has a bearing on the base 
metal and its finish: zinc-base alloys are more suitable for 
indoor use with moderate corrosive atmospheres; brass 
and other copper alloys are excellent materials for polish- 
ing and plating and their corrosion resistance is good 
(advantages worth weighing against rejection of these 
materials on the grounds of cost). 

Barrel Tumbling—A further method of polishing, used 
especially for very large production on relatively small 
articles, is by barrel tumbling. In this process the articles 
are loaded into a many-sided barrel, which is rubber lined 
on the inside, and can be revolved about its axis or even 
eccentrically, preferably at variable speeds, with abrasive 
chips or polishing media and a prescribed volume of water 
with other chemicals. The time of treatment is usually 
several hours, so that the main consideration in design 
is that the parts should be sufficiently robust to withstand 
deformation by the weight of material being tumbled. 

Screwed portions or other parts which are not to be 
polished may be protected with rubber or plastics caps 
or even held in fixtures in such a way that the abrasive 
media act only on the areas requiring polishing. Even 
large articles, machined to very fine limits and weighing 
many pounds, may now be finished by these special jigging 
methods. 

Electro-chemical Polishing — Quite recently, chemical 
and electro-chemical polishing has been developed to a 
sufficiently high standard to merit its consideration in 
industrial finishing. Its use is as yet almost confined to 
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SEVERAL smal! plating barrels used for electroplating compo- 
nents for electrical and electronic equipment. (Courtesy Marconi 
Wireless Telegraph Co.) 


the treatment of stainless steel and aluminum, and, while 
there is little restriction on the design, the material used 
in manufacture must be very strictly controlled, as the 
chemical solutions must be carefully matched to the alloy 
in each case. It is unusual to find parts made from two 
even fairly similar alloys being treated in the same solu- 
tion. The initial chemical equipment is costly, but pro- 
duction costs are fairly low, and even most intricate 
shapes can be polished to a degree virtually impossible by 
other means. 

However, too much stress cannot be laid on the fact that 
the co-operation of the designer and the finisher should 
start the first conception of the idea, for especially in 
the case of aluminum and its alloys, some brightening 
treatments are only possible on a small range of alloys, 
even to “super-purity” material of 99.9 per cent aluminum, 
with a possibility of up to 1.5 per cent magnesium. As 
such alloys do not possess the desired physical properties 
required for many applications, their use is obviously 
limited. 


ELECTROPLATING 


Turning now to those considerations of design and mate- 
rials affecting electro-plating, the first general thought 
should be that of actual physical size. At the upper end, 
while local conditions vary, plating vats are usually not 
longer than 6 ft, with an effective width and depth of 
2 ft. Very large articles should therefore be so designed 
that they may be split to fit such tanks and assembled 
after finishing. They should preferably be of such a 
weight that they may be comfortably handled by one man. 

In the actual plating solution the most important fac- 
tors are the strength of the solution, its temperature, 
acidity (or alkalinity), purity, degree of agitation and the 
correct proportion of its component parts. Metal anodes 
are suspended in the solution, connected to a positive 
de supply, and these, as well as carrying current into the 
solution, usually replenish the metal content of the solu- 
tion. The article to be plated is connected to the nega- 
tive de source and the correct voltage and current density 
for the size of that article in that particular solution are 
applied. ‘The thickness or the total weight ot metal 
deposited depends on the current passed and time. 
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2. MORE UNIFORM BUILD-UP oc 
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3. DEPOSIT on a simple cube can be var 


suspension in the solution 


Unfortunately, the metal is not deposited evenly except 
on the simplest of uniform shapes Fig. 2, but builds up 
more: quickly on those areas nearer to the anode, and which 
thus have a higher current density. Thus promontories 
become more pronounced and recessed portions may re- 
ceive no deposit at all. 

In the design for best protection afforded by uniformly 
distributed metal, it is better to avoid sharp edges, re- 
entrant angles (especially acute ones) and similar forms; 
luckily, these shapes coincide fairly well with require- 
ments for polishing. The effects of this trouble are 
more serious with some metals than with other (the plater 
calls this “throwing power’), but the plater himself can 
influence the result to some extent. Fig. 3 shows how the 
deposit on a simple cube can be varied by the method 
of suspension in the solution, and Fig. 4 shows that, by 
using auxiliary anodes and cathodes, current can either 
be introduced into, or led away from, various points so 
that uniform plating is obtained. Obviously, such auxil- 
iary anodes require very careful positioning. As most plat- 
ing solutions are dense, opaque liquids, it is not possible 
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RE UNIFORM plating 
r i cathodes to 


ix t unodes requires < 


) watch what is happening while the plating is occurring, 
o that quite elaborate and rigid fixtures must be employed 
ig. 6 shows how a slight modification in design, ad 
mittedly requiring an extra operation, could be adopted 
with a threaded hole to provide sufficient clearance fot 
normal plating build-up without interference; such for 
thought can save a great deal of trouble and recrimination 
later, especially in cases where trouble with ‘fit” may be 
anticipated 


Screwed threads are particular cases wl 


here conventional 
plating methods very often cause trouble, as Fig. 5 shows 
Small screws are usually plated in barrels, where the tum 
bling action of the barrel itself may even cause burrs on 
the threads, accentuating the trouble caused by the 
uneven build-up of metal; due allowance should be pr 
vided for this. Watch out for holes, too, Fig. 6. 


TYPES OF PLATING 


In deciding on the nature and thickness of a protective 
finish for an article, the following brief details of the 
commoner processes available has been grouped into several 
parts according to the degree of protection afforded: 

Oxide, Phosphate and Similar Chemical Films—Thes« 
in general, do not give much protection in themselves, 
but form a base or key for other films such as oil, lacquer 
or paint. They are quite thin (almost immeasurable) in 
themselves, but may be colored. Gunmetal black is a 
good example of this class. 

Oxidised Finishes — These include oxidised coppers 
They are pro 
duced by plating usually cheaper metals with a thin film 


brasses and bronzes, oxidised silver, etc 


(about 0.0002 in.) of usually copper or silver, oxidising 
this chemically, relieving this oxidise film to produce the 
familiar pleasing effects and again coating with a clear 
lacquer. Here also the degree of protection is afforded by 
the choice of lacquer. 

Bright Corrosion-resistant Finishes—For decorative fin 
ishes, bright chromium, nickel, alloy plating such as specu 
lum, brass or bronze, are all eligible. If properly carried 
out, permanently bright deposits can give many years’ pro 
tection in the environment for which they are intended 
In bright chromium plate, the protection is given not by 
the chromium itself but by the undercoat of nickel or of 
copper and nickel. It is invariably the thickness of this 
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6. SLIGHT MODIFICATION 


undercoat and its freedom from porosity and microscopi 
cracks which determines the quality of the chromium, and 
in this, and other cases to be discussed later, specification 
governing this aspect of quality should be laid down 

Where appearance of the deposit is not the primar 
onsideration, deposits such as cadmium, zinc, tin and 
illoys, such as tin-zinc and tin-nickel, are used, although 
most of these metals can be deposited “bright” and are 
quite attractive. They can offer good resistance to cor 
rosion in their particular environment with or without 
extra protection afforded by additional treatments such as 
passivating (which may leave a somewhat unpleasant 
khaki color) or painting. Little consideration in design 
is needed for such treatments, apart from a knowledge of 
some of the features of the metals concerned. For in 
stance, cadmium should not be specified on parts likely 
to come into contact with foodstuffs; nickel or tin or even 
silver should be chosen in these cases. Springs and other 
parts made of steel with a tensile strength of over 45 tons 
per sq in. should be stress-relieved after plating. As the 
plater is not likely to know the tensile strength of any 
metal submitted for plating, special arrangements should 
be made to give him this information. 

“Industrial” Plating—This includes heavy deposits of 
chromium, nickel, iron, silver, etc. Although the expres 
sion “hard chromium” is often used, this term is actually 
a misnomer, for the chromium is virtually of the same 
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»xide, and an anodic film grown in th I t ‘ alf n al, punched holes and depre 
the thickne of the film. Edge turned o r ' SI 


the oxide 


omponents for a heavy 1 metal, i.e., anything thickness appr ximately equa 
m UV 1 to 0.030 in more (e.g., for reclamation of film, as Fig. 7 shows. In n 


1 seldom reach 0.001 in., 
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ing of under 


iluable parts badly worn in service, salvaging 


: vil 
machined components, or to give certain new parts specia efore and after anodi 
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wearing properties), to carefully grind the area to be Ihe exception is in 


plated in such a way as not to form mict scopic crack ing refrigerated soluti 
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1] ] f 


hich are accentuated in plating, and to radius all angl thick, hard, brittle filn 
| PROTECTING WITH PAINT 


De pending 
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nls ] ] 17 
tis onl possible to deposit most metals smoothiv uy 


in. thick, it is 


int, whether by 


Tey ating 
now coating 


ze would help th product Fig 


+ 
ig 


design stag 
rubber caps or tapes that it is practically impossible to apply paint o 
Precious Metal Plating—As well as fo rel; CK ve thickness to the sheared edge of a sheet of 


ipplication in the jewelery and allied trades, re is ¢ can be arranged, the raw edges should all 
increasing use of precious metals such as silver, gold, plat- wards. Holes, shar I r pl 
inum, rhodium and indium in the electrical industry also be avoided wl 
pecially for the tarnish resistance offered by these metal 
in preserving electrical contacts. Mainly b¢ cause of pric 
and also because these films are fairl) ft, the thickn 

SPECIFICATIONS 


is usually not more than about 0.( 
Almost everv metal fn 


TREATMENT OF ALUMINUM 
} 


Although by using special techniques aluminum can be pecifications are available. These m 
plated with any other metal, the protection afforded is specifications or product specifications. In the 
not yet as perfect as could be wished. This metal is pro all the steps in the process are car¢ fully set 


tected mainly by anodizing, i.e., making the article the latter, provided that the end product complies 
anode in either dilute chromic or sulfuric acid solutions ods of achieving those results are left t 
The oxide film thus produced, being integral with th hese covering items produced for a bra 


+ 


a specification rather than down 


parent metal, has many desirable properties. With sul services, by large private firms for pr 
furic acid anodizing it is capable of absorbing organi their own plants or by their sub-contractors and 


hon 


a i 
standards institut 


dyes in the widest range of colors. When correctly sealed pendent organizations such as 
in pure boiling water, it is able to withstand a wide recommendations may be found valuable in many cas¢ 
variety of corrosive conditions, provided that these are not 1 basis for reference in forming contract. Rigid inspec 
strongly alkaline. Anodizing by the chromic acid method, tion of a fixed percentage of samples should be insisted 
whilst providing a film equal in corrosion-resistant prop- upon to insure maintenance of the agreed standar 
erties, does not produce as attactive a film as the sul 
furic acid method The dark brown stain of chromic REFERENCI 
acid weeping from any minor surface imperfections does, Desionine for Simpler Metal Fi 

gning 
however, make it useful as an inspection method, and Walmsley, Chairman, N.W. Bran 
the fact that any chromic acid trapped in welds or seams ng ublished in Engineering 
does not corrode the metal makes it the more favorable 
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From: Porcelain Enamel Institute 


quick facts about: 


PORCELAIN ENAMEL 


Physical, chemical, thermal and electrical properties tabulated 


for handy reference. 


New industries and new product re 
quirements are finding an increasing 
number of jobs for porcelain enamel 
Combinations of base metal, under- 
coat, overcoat and processing produce 
scores of end results—one modern ex- 
ample is jet engine afterburner-shroud 


protection. In other products the multi- 


function properties of porcelain enamel 
meet different requirements such as 
low coefficient of friction and corro 
sion resistance in water lubricated 
bearings; high dielectric strength and 
corrosion resistance in rectifier com- 


ponents; abrasion resistance and low 


coefficient of friction in coal chutes 


The table below can act as a good 
general guide for the large number of 
porcelain enamels available. 


REFERENCI 
Properties of Porcelain Enamel. Published 
I > | lain Enamel Institute, Wash- 


D.< 





APPEARANCE 
Hiding power 
Gloss 

Texture 

Color 
Reflectance 
PHYSICAL 
Adherence 
Hardness 


Abrasion and wear resistance 

Coefficient of friction 

Impact resistance 

Specific gravity 

Thickness range 

Stiffening effect 

Viscosity 

Elasticity 

Flexibility 

Imperviousness and resistance to 
absorption 

Freezing and thawing resistance 

Coefficient of thermal expansion 


Thermal conductivity 


Opaque or clear as desired. 

“45°.45° specular-gloss test” varies from less than | to 85. (Polished black plate glass is about 55). 
Smooth as ordinarily applied, but can be varied to suit requirements 

Almost limitless variety; highly permanent and stain resisting. 


Usually at least 75% for white enamel. 


Excellent 
MOH 3.5-6 
Knoop 150-550 


| Sward 100 


Excellent 
Can be varied to suit from high (non-skid floors and blackboards) to low (water-lubricated bearings). 


| Poor if base metal is deformed upon impact. 


2.4 to 3.9 

1 mil to over Ye in. 

Greater in compression. Adds stiffness equal to that of steel sheet 1/2 thickness of coating 
10,000 poises at firing temperature. 

Young's modulus = 10° psi 

Can withstand bend radii down to 6 in. for meta! sheet, dowble-coated up to 0.01 in. enamel. 
Excellent 


Excellent without moisture. In moist conditions some porcelain enamels will spall. 

From 5 to 15 X 107° in./in. °C at room temperature. Varies with temperature. Can be adjusted by changing | 
mix. 

6 to 9 Btu/ft? hr (°F/in.) 








CHEMICAL 
Acid resistance 
Alkali resistance 


Resistance to orgonic solvents, dyes, 


greases and oils 
Water resistance 
Weathering 
Salt spray resistance 
Soll corrosion resistance 





THERMAL 

High temperature 
Emittance 

Shock 


Dependent upon pH value. Can be made to resist all except hydrofluoric acid. 

Dependent upon type of alkali, not OH lon concentration. Excellent at room temperature. Poor with boiling 
concentrated caustic alkali, 

Excellent. Pay special attention to those that are acd forming. 


Excellent at room temperature. More susceptible to continuously changing hot water and water above 160F. 
Acid resisting types best. Mat and non acid resisting porcelain enamels poor. 

Generally good but interpretation of tests results varies greatly. 

Same as acid and alkali resistance. 





For most enamels 550F to 1100F. Special enamels offer protection to 2100F. 


| 0.95 at room temperature to 0.65 at 1500F. 


Won't fail with 350F temperature changes. Specials to 800F. 








ELECTRICAL 

Dielectric strength 
Volume resistivity 
Dielectric constant 
Dissipation Factor 


250 to 1400 v/mil 

1013 to 10!* ohm-cm at room temperature, Decreases with temperature rise. 
6 to 12 at 400 cps, room temperature. increases above 250F. 

1 to 2 at 400 eps, room temperature. Increases above 200F. 
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From: SPE Journal 


S PLASTIC FOAMS 


A quick picture of how they are made, in what form they are supplied, and 


what their applications are. 


Cc. R. DAVALL 
New Product Market Development Dept 
Union Carbide Plastics Co 


PHENOLIC 
Description: Thermoset cellular solid, density controlled 
by formulation, with densities of 4 lb/ft® to over 10 Ibs 
ft* possible 


Advantages: Ease of foaming in large scale industrial equip- 
ment, good heat resistance (under certain conditions up 
to 400 I’) and can be made self-extinguishing without use 
of additives, has good dimensional stability and solvent 
resistance 


mechanical 
strength, permeable, requires a seal at vapor barrier. 


Disadvantages: Non-resilient, only fair 


How Supplied: As high solids solution of resin in water. 


How Prepared: Addition of catalyst results in foaming and 
curing of resin. Reaction provides heat required. 


Uses: Thermal insulation and floral packaging applications. 


POLYSTYRENE 
Description: Closed-cell, density 1 to 10 lb/ft’. 


Advantages: Low water-vapor transmission, toughness, 
semi-resilient 





A “prefabricated” foam 

A highly unusual variety of phenolic foam, 
which is not really a foam at all in the conven- 
tional sense of the word, is syntactic foam. The 
syntactics have the unique advantage of being a 
“prefabricated” foam because their cell structure 
does not depend on any chemical reaction but on 
premade hollow spheres of microscopic size filled 
with an inert gas. These spheres resemble soft red 
flour and are combined with either polyester or 
epoxy resin to form a putty-like material that 
cures with or without the application of heat to a 
strong, light-weight solid. The relative simplicity 
with which syntactic foam can be prepared has 
led to its use as a do-it-yourself material for minor 
repairs of rotted-out wood structures. Irregular 
areas which require a foamed-in-place type mate- 
rial not involving a chemical reaction are ac- 
cessible to this type foam since it can be troweled 
or other wise handworked into difficult corners. 
This adaptability has also suggested syntactics 
for such applications as reinforced plastic boats. 
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Disadvantages: Flamability though 


grade is available), thermoplastic 

How Supplied: Prefoamed sheets, planks and boards, and 
as tiny granules which can be expanded and fused in molds 
into plank or other form. 

How Prepared: Granules are expanded in molds by ap 
plication of external heat. 


Uses: Perimeter, pipe and freezer insulation, sandwich 
panel core, packaging, plaster base, decorative novelties. 


VINYL 
Description: Can be made either flexible or rigid, closed 
or open cell structure 
Advantages: Does not support combustion, can be heat- 
sealed to other materials thus reducing cost of trimming 
and adhesive operations, low water vapor transmission. 
Flexible type has high strength and toughness. 
Disadvantages: Mechanical properties deteriorate above 
140 F, resilience is reduced at temperatures below —20 | 
How Supplied: Sheets, slabs, molded cushions 
How Prepared: Most popular method utilizes Elastomer 
process, a mechanical technique for producing an open- 
celled flexible foam. An inert gas such as CO, is mixed 
with a vinyl plastisol at a pressure of 300 to 500 psi. When 
this mixture is released to normal atmospheric pressure 
through a nozzle or tube, it foams. 


Uses: Rigid-insulation, cushioning, padding, and flotation 


URETHANE 


Description: Can be made in either flexible or rigid state. 
Density controlled by amount of water and excess polyiso- 
cyanate used. 
Advantages: Flexible urethane foam has good cushioning 
properties, tensile strength. Rigids can be made with very 
low K-factor. 


Disadvantages: Some grades are flammable and/or have 
only fair dimensional stability. 


How Supplied: 100% solids liquid materials. 


How Prepared: Exothermic reaction of liquid components 
generates foam and hardens resultant polymer. 


Uses: Flexible-comfort cushioning, rigid-thermal insula- 
tion, structural core material. 
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PROPERTIES OF RIGID FOAMS 


| 





Moisture Flame 

“K"’ vapor Percent | propaga- Tensile Tensile Tensile in strength 
Factor trans- closed tion modulus, | strength, | elonga- after Friability 
mission cells rate psi psi tion humidity 
aging 





(8) 





See notes below 


Molded vinyl 





Molded viny| 

















Polystyrene 





Polyurethane 








80% relative hum 
g friability (ASTM C-367) 


9 II 
> a iD 








POLYETHYLENE How Prepared: Mixt f two reactive, liquid compo 
nents which generat ng nd heat required 


High Density 
‘nti to harden foat 
Description: High densit: ae — 
f Uses: Potting and encapsulation of electrical components 
I ] . ing fixtures or ol r > ) 
Advantages: Electrical properties remain constant at high ee tool checking fixtures or other tool and die parts for 

wh if 


roam 


5 
c properties make them suitable 


h their spe 


frequencies and material permits a considerable reduction 
in cable size and weight. Has good moisture resistance SILICONE 


7 
ntional extrusion 


micel groduction 01 
an economiica produ 1] l l . 
ind =e C | i Desc ription: Op 
equipment 
; — «: Advantages: Out 
Disadvantages: High density, flammal fal at CON ta 71 


Au , } 


How Supplied: As extru 


Disadvantages: Hig 


How Prepared: Extruded . 
Pre} — How Supplied: | 


Uses: Cable insulation 

’ How Prepared: App! 

Low Density ng and cure of resin 
Cor. : ° . » ‘ y l; + ; 

Description: Li 51 - s/ TI semi-resient Uses: Only where outstanding high temperature resistance 


foam is needed or outstanding electrical properties are needed 


Advantages: Low water absorption and moisture vapor CELLULOSE ACETATE 


transmission, resilient, good chemical resistance, odorl alts 
Description: Closed cell, rigid foam. 


Disadvantages: ‘Thermoplastic, flammable 
Advantages: Considerable toughness, easily machined 


How Supplied: Slabs and cylinders of foam 
PI : 
Disadvantages: Low softening point, comparatively high 


Uses: Flotation, packaging and gasketing products cost 
Thermal insulation How Supplied: Prefoamed boards and rods 

EPOXY How Prepared: Extrusion of resin melt. 

Description: Rigid, closed cell, thermoset foam. Uses: Structural core material, flotation devices, packaging 
Advantages: Tough, good electrical properties, good ad- material. 

hesion, and ability to be foamed-in-place. REFERENCE 


Disadvantages: High price. Plastic Foam irectory ; ll, Union Carbide 
. 3 : . / Plastics Co, Nev rk, ‘ I ublished in SPI Journal, 
How Supplied: Prefoamed blocks or foamable liquids. it neem 9 n OSs 
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ompan} Bulletin 


Lignum Vitae... its properties and applications 


Mechanical, physical, electrical and chemical properties of this 
unusual engineering material, together with 


32 of its practical applications. 





E «treme hardness combin 
ties are the chief characteristi 


iccount for one of its chief appli 


PRODUCTS MADE FROM LIGNUM VITAE 
Block bearings Engine mounts 


Hanger bearings Rocket-fuel cores 


Rall kb il There are, however, many other rineering applications 
° nec earings aive vgs . : 
9 m — it has even found its place in the pac ge—as rocket-fuel 


Ships bearings Chemical processing equipment 


Segment bearings Cable dressers The best quality a ee aii salhitiliiaia 
Seattiih tabhiene er rees, which grow mostly in Cuba, H uti, Yt itan, Domin 
ican Republic, the west coast of Mexico, Central America 
Split bushings Balls—all types 
Slides Graining balls 
Wire guides Stencil blocks 
Guides, all types Rings 
Marine supplies Tumbling material 


Mallets & mauls Handles 


Straight bushings Steady rests ‘ 


ind Paraguay. Finely twisted grain is one feature that 


] + 


ontributes to its tough properties Ihe wood contains 
3% lubricating resin, which is hé n pores throughout 
the wood. 

Since the findings tabulated her 
tities it is advisable that the materi 
a model before firming a design 
rience has shown that 

e Under certain conditions 


Non-contaminating utensils Police clubs 
Pulleys Muddlers 


Rollers Leather-working tools 











lignum vitae become glazed 
lower coefficient of friction, 
power consumption. 

e Lignum vitae can be used 
without requiring lubrication 
e Lignum vitae’s natural 
to its interwoven fiber struc 
e Lignum vitae is non 
ideally suited for applicatio 

sirable. 


e Lignum vitae ha cellent relatiy 
REFERENCI] Lignum vitae has ex it rela 


Liguum Vitae, One of Ul t Unique & Versatile Enginecr- 
ing Materials. Publis y Lignum-Vitae Products Corp, 
Jersey City, N.] 


ing water and chemicals 

@ Due to the self-lubricating resin that 
in lignum vitae and impregnates every p 
sible for the lubricating resin to dry « thr 
ichion 

Lignum vitae is available in rods, block 


and rough-machined or finished bearing-b] 
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TABLE I—Strength and Abrasion Resistance 





DIRECTION OF FORCE 


(TESTS CONDUCTED BY 

TIMBER ENGINEERING CO 

U. S. TESTING CO., AND CERTAIN 
U. S. GOVERNMENT AGENCIES 


; 
} 


Fay 


aS 


PROPERTY DIAL TANGENTIAL 





| Compression 10360 psi 9930 psi 


| Hardness 22180 psi 19770 psi 
| Toughness 195.5 in.-lb 135.0 in-lb 


Bending (rupture mod.) 20100 psi 16800 psi 
Abrasion resistance (dry) 


| Abrasion resistance 
6 days soak—8 hours boiled 
Abrasion resistance 

| 7 days water soaked 





Abrasion resistance 
sub-zero temp. 





TABLE Il—Coefficient of Friction for Lignum Vitae and Comparable Bearing Materials 





MATERIAL DIRECTION OF MOTION KINETIC —-DRY KINETIC — WATER IMMER SEC 


Lignum vitae Parallel to cross section 


Lignum vitae Perpendicular to grain 


Lignum vitae Parallel to grain 


impregnated maple Parallel to cross section 


Impregnoted maple Perpendicular to grain 


impregnated maple Parallel to grain 


Parock (Rubber) 





Micarta Parallel to laminations 














| —— 7 on — — 


Coeficient-of-friction tests were conducted using different samples of each material in contac » cold-rolled steel plate These results represent 
an average of the various tests taken in each specific grouping 
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TABLE IlI—Swelling of Lignum Vitae Immersed in Water 





NUMBER OF 
DAYS TO 
REACH 25% 
OF MAXIMUM 
SWELLING 


SIZE, d IN, 








TABLE IV—Chemical Resistance of 





NUMBER OF 
FP DAYS TO 
REACH 50% 

OF MAXIMUM 
SWELLING 


2.75 





NUMBER OF 
DAYS TO 
REACH 75% 
OF MAXIMUM 








NUMBER OF 
DAYS TO 
REACH 100% 
OF MAXIMUM 
SWELLING 





MAXIMUM 
DIMENSIONAL CHANGE IN 
MILS PER INCH 
OF DIMENSION 4, IN 








Lignum Vitae with Different Reagents 





REAGENT 


Sodium hydroxide (10%) 


Toluene 


Sodium chloride (10%) 
Ethyl alcoho! (50%) 


Heptane 


Sulphuric acid (3%) 


Sodium hydroxide (1%) 


Acetic acid (5%) 


Ethy! acetate 


Ethy! alcohol (95%) 


Acetone 


Carbon tetrachloride 


Sulphuric acid (30%) 


Water 








WEIGHT 
CHANGE, 
% 


+7 .50 





LENGTH 
CHANGE, 
% 


+0.09 





WIDTH 
CHANGE, 
% 


+1.26 





THICKNESS 
CHANGE, 


% 
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From: Plating 


PLATING NICKEL 
on Aluminum Alloys 


Formula, plating procedures, adhesion and corrosion- 


test results for a recently developed process. 


JAMES T. N. ATKINSON 
Noval Research Establishment 
Dartmouth, Nova Scotia 


F ollowing earlier work on electroplating on aluminum 
from strongly acid solutions, this new process for nickel 
plating aluminum from sulfate-fluoborate-chloride baths 
has been developed. Adhesion values of about 5000 psi in 
hear can be obtained, and still better adhesion results 
from the use of proper heat treatment. The process elim 
inates zincate or other pretreatments for all aluminum 
illoys tested, and appears to have industrial potentialities 
for general electroplating and electroforming operations 


ae he, 
vith nickel. Here is a rundown of the basics involved 


PLATING FORMULA 


yn composition is as follow 

Preferred Allow ible 
Nickel sulfate crystals 200 g 100-400 g 
Nickel fluoborate crystals 662 13 
Nickel chloride crystals ] 
Boric acid 20g 
Water to make 1] liter ( 
pH 1.0 0.9-1.5 
50-70C 


The nickel sulfate and chloride crystals were reagent 


> 
sa 


lg 
] )-40 9 
li 


ter 
tCl 


Operating temperature 60C 


grade hexahydrates. Nickel fluoborate was a purified crystal 
‘otal nickel concentration in the preferred bath was 68 

l. pH may be controlled with sulfuric acid or nickel 
carbonate 

The functions of the various components appear to be 
as follows 

The combination of nickel sulfate and fluoborate fur 
nishes the necessary nickel content and conducting ion 
species. The principal limitations on concentrations ar 
imposed by external factors—the maximum amount of 
either nickel compound cannot be used with the maximum 
of the other because of solubility limitations, and too low 
a concentration of nickel salts could only support undesir- 
ibly low current densities. The concentration of chloride 
has to be maintained precisely when aluminum is to be 
plated to control the aggressiveness of the solution toward 
iluminum and its oxide film. Boric acid promotes main 
tenance of a stable bath pH in operation. 

Broadly similar solutions outside the preferred range can 
still be employed, particularly if the chemicals used are 
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xceptionally pur luosilicat f sufficient purity may 
ipparenth but normal purity material 

’ 
on gels 
of other halides may 


lso le 


in cause troubl uo an ent, the solution 
nd is of no further 
lace nickel] ch] T 


itisfactory if oper 


ed solution is a 
+; here the usual pretr 
ment schemes for pl luminum must be resorted 


for good adhesion 
Control of Impurities 


Purity of ray vaterials f p! $v 


is Toun 
distilled water should be used 


of nickel fluoborate and 


important and deioniz 
makeup. Commercial grades 
ilfate normally contain sufficient chlorides and copper to 
juire special treatment. The chlorides may be removed 
precipitation with silver sulfate, or determined analyti 
ily so that due allowance can be made when adding 
nickel chloride crystals. Copper, and other heavy metals, 
may be removed by prolonged electrolysis at low current 
density or by precipitation on scrap nickel. The high sensi 
tivity of the bath to copper makes it wise to nickel plate 
ill copper bus, etc. in the vicinity of the plating tank 
Nitrates, though normally not present in the chemic ils 
used, disrupt the operation of the bath and hence should 
be avoided. Prolonged electrolysis at low current density 
will rectify nitrate contaminated solutions. Contamination 
by organics is obectionable as in normal nickel plating prac 
tice, and addition agents such as saccharin and sodium 


laurvl sulfate appear to have the expected effects on plat 


t Treatment with activated charcoal can 


ing characteristics 
move unwanted organic contaminants; use of cellulose 
base rather than mineral filter aids seems wise in the filtra- 


tion ste p- 
PLATING PROCEDURE 


The only necessary pretreatment is immersion Or ca 
thodic cleaning for not more than two minutes in a solution 
f 3 each of trisodium phosphate and sodium car 
yonate at 60C. Normally, the aluminum alloy is first 
degreased in a vapor degreaser; then treated in the mild 
ilkaline cleaner. At this stage there is some reaction be- 
tween the aluminum alloy and the alkaline cleaner, and the 
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object is to have the maximum reaction with the cleaner 
consistent with a smut free surface. If smut forms remove 
it with a dip in dilute sulfuric acid or by brushing. In the 
case of the copper-containing alloys, smut formed rather 
rapidly in the alkaline cleaner. Here, it is preferable to 
return the work a second time to the mild cleaner, but 
only for about ten seconds, following the initial cleaning 
and sulfuric acid treatment. Following rinsing, the work is 
ready for plating. 

The initial strike on aluminum alloys is made with the 
preferred composition given above at 30 to 40 amp/ft* 
it 60C for about one minute. Thereafter the current 
density can be increased to a limit set by cell agitation etc. 
During the striking operation, a minor amount of gassing 
may occur. It is not possible to demonstrate a cathode 
efficiency significantly different from 100% for deposits 
of 0.3 mil. Anode efficiency is also close to 100%. 

The plating solution gives a good direct nickel deposit 
on commercially pure aluminum, 5052, 6061, 7075 and a 
number of special purpose experimental alloys. Favorable 
initial results on a casting alloy containing 13% silicon 


have also been reported. 


Other Materials 


For general plating, or for building up deposits on alu- 
minum after the strike has been applied, very rapid deposi- 
tion is possible. The highest value consistent with sound 
plating on simple objects was found to be 750 amp/ft’, 
and this appears to be a function of solution agitation, 
work piece conductivity and available voltage rather than 
an inherent limit of the solution. This current density 
approaches the order of the maximum rate of deposition 
reported for any nickel plating solution, and is likely to 
allow practical electroforming. The bath is stable in ex- 
tended use. 

Direct plating is practical on zinc, mild steel, stainless 
steel and brass, following appropriate cleaning operations 
only and without requiring an activation step for stainless 
steel. Titanium doesn’t accept a satisfactory direct plate. 
It is interesting to note that the strongly acid solution is 
compatible with both zinc and mild steel for direct plat- 
ing. Plated articles of the various materials showed good 
resistance to atmospheric corrosion in the laboratory at a 
distance of 600 feet from Halifax Harbour after a twelve- 
month interval. Limited testing of various nickel plated 
steel articles plated with one mil of nickel for shipboard 
use has also been performed. This indicates that this form 
of nickel plating has remarkable versatility. 


ADHESION OF PLATING 


Only in the case of nickel plating on aluminum were 
quantitative adhesion studies made. Plating on the other 
metals cited appeared to be of good quality so far as could 
be ascertained by qualitative tests and by its corrosion be- 
havior. Typical samples for adhesion testing had nickel 
plates 0.3 mil thick. 

rhe nickel plating on aluminum, in the as-plated con 
dition consistently showed adhesion of at least 4000 to 
5000 psi in shear on soldered lap joints. Because of the 
proximity of the test results to the ultimate properties of 
solder, studies were undertaken to devise a test of more 
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extended range. The simplest form of improved test used 
a soft-soldered lap-joint tested while refrigerated in a dry 
ice-acetone mixture. The range of this test was up to ovet 
10,000 psi in practice, the usual limit being not ov 
12,000 psi. 

[his improved test confirmed that the adhesion range 
of plated stock is at least 4000 to 5000 psi. It also enabled 
the effects of heat treating operations to be assessed. The 
most effective heat treatment cycle appeared to be a ten 
minute soak at 500C followed by quenching. Metallo 
graphic examination of heat-treated plated stock enabl 
the thin diffusion layer to be identified as Ni,Al,. Adh« 
sion of heat treated stock exceeded the capability of the 
test, showing about 10,000 psi minimum in shear typically. 
Qualitative tests based on bending do not disclose adh« 


ion deficiencies in as-plated or heat treated samples. 


CORROSION TESTS 


Samples of nickel plating 1 mil thick on 
developed for corrosion resistance 


it 350¢ 


illoy, and on alloys wn 


high temperature water, were tested in pure watet 
under static conditions and in water flowing at 20 ft/sec, 
the bulk of the testing being performed by Atomic Energy 
of Canada Limited, at Chalk River, Ontario. The plated 
aluminum showed significant improvement in corrosion 
resistance compared with that of unplated material. Poros 
ity in the plating, or possibly pitting corrosion, seemed to 
be responsible ‘or failure. In most, though not all cases, 
there was rapid lateral penetration at the nickel-aluminum 
interface once a pore reached there. Thus, although th 


form of plating had good characteristics, it could not be 


¢ , 
freec 


chosen over electroless plating on account of th 
from porosity of the latter. 


LIMITATION 


The nickel plating process described here | 


nas ] 


shown 
considerable versatility on a laboratory scale for a wider 
range of applications than originally envisaged. It is uniqu 
as a method for plating on high-silicon aluminum alloys 
It is remarkable as a method for plating directly on alu 
minum alloys in that the initial strike and later high speed 
deposition can be made from the same solution without 
modification, as well as permitting direct plating on 

variety of other materials, including mild steel and st 1inless 
steel. The chief limitation of the process seems to be th 
requirement for an unusually precise control of chlorid 
concentration. Pilot plant evaluation is now under way 
a licensee of the process to determine whether the labora 
tory scale promise can be duplicated in larger equipment 


REFERENCE: 

Novel Process for Plating Nickel on Aluminum Alloys by Jam 
T. N. Atkinson, Department of National Defen Defence R 
search Board, Naval Research Establishment, Dartmouth, Nova 
Scotia. Published in Plating, May 1960, p. 509-510 





This process described here is the subject of Canadian 
Patent 590,840, issued Jan 19, 1960. Assigned to Canadian 
Patents and Development Limited, a Canadian government 


corporation, it is available for licens« 
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CATALOGS 
and BULLETINS 


ah 





To obtain copies of literature described below, write 
prefix letter and number on reader service card. 


(C-1) Sealant—Brochure, 8 pp. Gives prop- 
erties, applications and instructions for use 
of compounds for metal to metal sealing 
and locking. American Sealants Co, 121 
Woodbine St, Hartford, Conn. 


(C-2) Plastic Extrusions—Brochure, 8 pp. 
Relates case histories of design problems 
which have been solved by using custom 
plastic extrusions. Crane Plastics, 
506 Hutton Pl, Columbus 15, Ohio 


Inc, 


(C-3) Plastic Moldings—Catalog, 12 pp 
Discusses compression, injection and trans 
fer molding with nine different base-resin 
combinations. Continental-Diamond Fibre 
Corp, Newark, Del. 


(C-4) Nylon Extrusions—Catalog, 8 pp. 
Gives properties and sizes of nylon tubing, 
pipe, rod and strip. Also fabrication data. 
Danielson Mfg Co, Danielson, Conn. 


(C-5) Rigid Urethane Foams—Brochure, 4 
pp. Gives formulation codes, pouring and 
mixing instructions for poured-in-place 
foams. Dayco Corp, Dayton, Ohio. 


(C-6) Urethane Elastomer—Brochure, 4 pp 
Compares properties to other elastomers. 
Suggests uses such as bearings, gears, pack- 
ing, others. Dayco Corp, Dayton, Ohio. 


(C-7) Plastic Vacuum Hose—Brochure, 8 
pp. Describes types, kinds and construc- 
tion of flexible hose for medical equipment, 
industrial and farm machinery. The Day- 
ton Plastics Co, Div of Dayco Corp, 
Dayton, Ohio. 


(C-8) Thermoplastics—Bulletin, 6 pp. 
Lists uses and available forms. Includes 
table of properties for six different plastics. 
Westlake Plastics Co, Lenni Rd, Lenni 
Mills, Pa. 


(C-9) Reinforced Plastic—Brochure, 4 pp. 
Presents properties, suggested applications 
of TFE fluorocarbon and the standard and 
nonstandard shapes available. Dixon Corp, 
19 Burnside St, Bristol, RI. 


(C-10) TFE Fluorocarbon Resins—Bulle- 
tin 8 pp. Monthly technical information 
bulletin published by the producer. E I du 
Pont de Nemours & Co, 10th & Market 
Sts, Wilmington 98, Del. 


(C-11) Cast Rubber—Brochure, 8 pp. 
Describes properties, advantages and uses 
of cast liquid urethane. Acushnet Process 
Co, Box 916, New Bedford, Mass. 
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(C-12) Felt—Catalog, 24 pp. Describes 
properties and special treatments. Gives de- 
sign pointers. Includes lubrication seals, 
gaskets. The Felters Co, 210 South St, 
Boston. 


(C-13) Laminated Plastic—Brochure, 4 pp 
Provides table of chemical, electrical and 
mechanical properties of different grades. 
Formica Corp, Subs of American Cyan- 
amid Co, 4516 Spring Grove Ave, Cincin- 


nati 32. 


(C-14) Tooling Plastic—Brochure, 4 pp. 
Describes a laminated plastic for dies, and 
wear resisting and structural applications. 
Formica Corp, Subs for American Cyan- 
amid Co, 4516 Spring Grove Ave, Cincin- 


nati 32. 


(C-15) Industrial Plastics—Catalog, 
pp. Gives properties, 
laminates and molding plastics with many 
different base or filler materials and resins. 
Formica Corp, Subs of American Cyan- 
amid Co, 4516 Spring Grove Ave, Cincin- 
nati 32. 
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uses, shapes of 


(C-16) Plastic Shapes and Parts—Catalog, 
16 pp. Furnishes plastic properties and 
dimensions of shapes such as rod, sheet, 
slab, tubing, tape. Garlock, Inc, Palmyra, 
NY. 


(C-17) Rubber Parts—Brochure, 8 pp. 
Describes facilities for compounding, mold- 
ing, lathe-cutting and bonding natural, syn- 
thetic and silicone rubber. Goshen Rubber 
Co, Inc, 2090 S 10 St, Goshen, Ind. 


(C-18) Glass Reinforced Plastic—Brochure, 
24 pp. Gives mechanical, electrical and 
chemical properties plus design tips. Also 
shows each step in production process of 
molded shapes. G B Lewis Co, Water- 
town, Wisc. 


(C-19) Lignum Vitae—Data folder, 28 pp 
Gives properties and uses of lignum vitae, 
the hardest wood known, as a self-lubricat- 
ing bearing material. Lists sizes of bearings, 
bushings and shapes. Lignum-Vitae Prod- 
ucts Corp, 96 Boyd Ave, Jersey City 4, NJ. 


(C-20) Vinyl Finish—Brochure, 8 pp. Gives 
material properties, describes various sur- 
face textures and suggests possible uses 
on a laminated construction. The Mas- 
land Duraleather Co, Industrial Products 
Div, Amber & Willard Sts, Philadelphia. 


(C-21) Glass Reinforced Plastics—Bro- 
chure, 32 pp. Describes, illustrates produc- 
tion methods, design considerations. Pre- 
sents physical, electrical and chemical 
properties of materials. Molded Fiber Glass 
Co, 4423 Benefit Ave, Ashtabula, Ohio 


(C-22) Silicone Rubber and Fluorocarbon 
Compounds—Bulletin, 6 pp. Lists proper 
ties of compounds to meet requirements 
such as high temperature, low temperature, 
oil resistance and others. Moxness Prod 
ucts, Inc, 1914 Indiana St, Racine, Wisc 


(C-23) Powdered Polyethylene—Bulletin, 
8 pp. Describes uses of powdered resin as 
coating and for large hollow moldings 
US Industrial Chemical Co, Div of Na 
tional Distillers & Chemical Corp 99 
Park Ave, NYC 16. 

(C-24) Plastics—Catalog, 8 pp. Presents 
physical, electrical and chemical data on 
resin-rubber compounds, polyester resins 
and polyvinyl chloride resins. Naugatuck 
Chemical Div, US Rubber Co, Naugatuck, 
Conn. 


(C-25) Ceramic Coatings—Bulletin, 10 pp. 
Describes spray-coating process. Lists prop- 
erties of materials for protection from high 
temperature, abrasion, corrosion and ero- 
sion. Norton Co, 1 New Bond St, Wor- 
cester, Mass 


(C-26) Vinyl Sheet—Brochure, 12 pp. Sup- 
plies samples of flexible sheet. Outlines 
case histories of product uses. Polo Plas- 
tics Co, 1718 N First St, Milwaukee 12. 


(C-27) Plastics—Brochure, 8 pp. Com- 
pares fitness of different types for a number 
of fabrication methods. Union Carbide 
Plastics Co, Div of Union Carbide Corp, 
270 Park Ave, NYC 17. 


(C-28) Coated Fabrics—Catalog, 8 pp. 
Gives specifications and characteristics of 
synthetic and natural rubber coated nylon, 
cotton or glass cloth. Reeves Bros, Inc, 
Vulcan Rubber Products Div, 1071 Ave 
of the Americas, NYC 18. 


(C-29) Felt—Brochure, 4 pp. Supplies 
eighteen samples, table of properties and 
suggested uses. Western Felt Work, 4021- 
4139 Ogden Ave, Chicago 23. 


(C-30) Treated Felt—Brochure, 4 pp. Sup- 
plies twelve samples of coated or impreg- 
nated felt with special capabilities. 
Western Felt Works, 4021-4139 Ogden 
Ave, Chicago 23. 


(C-31) Synthetic Rubber Products—Bro- 
chure, 16 pp. Describes range of materials 
and end products. Outlines materials char- 
acteristics. Includes dimensional data on 
lathe cut dynamic and static seals. Acadia 
Synthetic Products, 4035-4117 Ogden 
Ave, Chicago 23. 
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(C-32) Silicone Rubber—Brochure, 10 pp. 
Contains tables of physical, electrical and 
chemical properties. [Illustrates applica- 
Acushnet Process Co, Box 916, 
Bedford, Mass. 


tions. 


New 


(C-33) Plastics—Bulletin 8 pp. Tables give 
properties of thermosetting molding com- 
pounds, fire-retardant polyester resins and 
phenolic resins for molding and laminating. 
Durez Plastics Div, Hooker Chemical 
Corp, 1514 Walck Rd, N Tonawanda, NY. 


(C-34) Metal to Rubber Bonding—Bro- 
chure, 8 pp. Describes process, compounds, 
design considerations, uses. Acushnet 
Process Co, Box 916, New Bedford, Mass. 


(C-35) Rubber Products—Brochure, 33 
pp. Gives general description of facilities 
and products. Includes tables and discus- 
sions of properties of natural and synthetic 
Acushnet Process Co, Box 916, 
Bedford, Mass 


rubbers 
New 


(C-36) Plastic 16 pp. 
Curves show such data as head loss, deflec- 
Gives 
dimensions of pipe and fittings, discusses 
Amercoat Corp, 4809 Fire- 
South Gate, Cal. 


Pipe—Bulletin, 
tion, working pressures, and more 


properties 


stone, 


(C-37) Plastic Tank Lining—Brochure, 6 
pp. Plastic sheet protects steel and con- 
crete Properties, includ- 
resistance, are discussed. 
Amercoat Corp, 4809 Firestone Blvd, 
South Gate, Cal 


from corrosion. 
ing chemical 


(C-38) Large Polyolefin Moldings—Bro- 
chure, 4 pp. Gives rod and block sizes of 
three different types of polyolefins. One 
use is neutron shielding. American Agile 
Corp, Box 168, Bedford, Ohio 


(C-39) Plastic Extrusions—Brochure, 4 pp. 
Describes facilities for making flexible and 
rigid extrusions. Contains table of plastics 
properties. William Brand-Rex Div, 
American Enka Corp, 31 Sudbury Rd, 
Concord, Mass 


(C-40) Flat Glass—Brochure, 8 pp. Show 
properties and uses of special glasses. In- 
cludes safety, heat resistant, corrosion re- 
sistant and other glasses. American-Saint 
Gobain Corp, 625 Madison Ave, NYC 


(C-41) Extruded Plastics—Brochure, 12 
pp. Lists sizes and some shapes and mate- 
rials available Illustrates applications 
Anchor Plastics Co, Inc, 36-36 36th St, 
NYC 6 

(C-42) Rubber Products—Catalog, 158 
pp. Shows almost everything imaginable in 
small molded or extruded rubber parts, as 
well as sheet, tube, sponge. From adapter 
bushings to weatherstrip. Atlantic India 
Rubber Works, Inc, 571 W Polk St, 


Chicago 7. 
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(C-43) Vinyl-metal Laminates—Brochure, 
7 pp. Describes laminating process and 
colors, textures, possible uses. Arvin Indus- 
tries, Inc, 13 St, Columbus, Ind. 


(C-44) Plastic Shims—Brochure, 7 pp. 
Presents properties of shim stock, dimen- 
sions of standard sizes of shims. The Artus 
Corp, 201 S Dean St, Englewood, NJ. 


(C-45) Rubber and Plastics—Brochure, 12 
pp. Explains scope of services and mate- 
rials in molding, encapsulation, bonding, 
formulation and testing. Bacon Industries, 
Inc, 192 Pleasant St, Watertown 72, Mass. 


(C-46) Liquid Polyvinyls—Brochure, 15 
pp. Gives properties and uses as a 
coating or molding compound. Bee Chem- 
ical Co, 12933 S Stony Is Ave, Chicago. 


(C-47) Vacuum Metallizing Coatings— 
Catalog, 45 pp. Describes properties and 
methods of applying top and back up 
coatings on a variety of base materials. Bee 
Chemical Co, 12933 S Stony Is Ave, 
Chicago 33. 


(C-48) Coatings—Brochure, 34 pp. Pre- 
sents properties, application methods and 
uses of coatings for metal, plastics, wood, 
glass. Bee Chemical Co, 12933 S Stony Is. 
Ave, Chicago 33. 


(C-49) Strippable and Permanent Coat- 
ing—Catalog, 64 pp. Plastic . coatings 
which spray on are for military and indus- 
trial packaging and for during metal fab- 
rication. Permanent coatings are for 
weather and corrosion protection. Better 
Finishes & Coatings, Inc, 268 Doremus 
Ave, Newark 5, NJ. 


(C-50) Plastics Properties—Bulletin, 6 pp. 
Compares properties of different plastic 
families with each other and with other 
materials. Cadillac Plastic & Chemical 
Co, 15111 Second Blvd, Detroit 3. 


(C-51) Standard Plastic Shapes—Catalog, 
64 pp. Lists sizes and properties of sheet, 
rod and other shapes made from acetate 
through vinyl. Cadillac Plastic & Chem- 
ical Co, 15111 Second Blvd, Detroit 3. 


(C-52) Plastic Resins and Glass Fiber— 
Catalog, 16 pp. Lists resins, and glass 
fiber in such forms as mat, cloth, tape, 
others. Cadillac Plastic & Chemical Co, 
15111 Second Blvd, Detroit 3 


(C-53) Teflon Shapes—Catalog, 8 pp. 
Gives teflon properties and sizes of sheets, 
tape, rods, other shapes. Cadillac Plastic 
& Chemical Co, 15111 Second Blvd, De 


troit 3. 


(C-54) Nylon Shapes—Brochure, 8 pp. 
Gives nylon properties and sizes of rod, 
sheet and other shapes. Cadillac Plastic & 
Chemical Co, 15111 Second Blvd, De 
troit 3. 
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(C-55) Refractories—Two brochures, 16 
pp. Present specific cases of refractory use 
in equipment designs. The Carborundum 
Co, Refractories Div, Perth Amboy, NJ 


(C-56) Grinding Cemented Carbides— 
Brochure, 22 pp. Discusses techniques of 
grinding cemented carbides with green grit 
and diamond wheels. Topics included are: 
coolants, chip-breaking grinding, feeds, 
speeds, wet vs. dry grinding and others. 
Bonded Abrasives Div, The Carborundum 
Co, Niagara Falls, N. Y. 


(C-57) Molded Teflon—Brochure, 4 pp 
Lists dimensions, weights and properties of 
molded teflon tube, sheet and rod. Chemo 
Products, Inc, 100 Pulaski St, W War- 
wick, RI. 


(C-58) Rubber and Leather Products and 
Seals—Catalog, 15 pp. Discusses wide 
range of materials and products from 
ceramic face seals to leather transmission 
belts. Chicago-Allis Mfg Corp, 113 N 
Green St, Chicago 7. 


(C-59) Teflon Products—Catalog, 30 pp. 
Contains properties, prices of tube, sheet, 
rod o-ring, gaskets, couplings, tape, others. 
Chicago Gasket Co, 1271 W North Ave, 
Chicago. 


(C-60) Molded Plastics—Brochures, 8 pp. 
Describes company capabilities, stock 
knobs, properties and uses of sheet and 
film. Chicago Molded Products Corp, 
1020 N Kolmar, Chicago. 


(C-61) Epoxy Resins—Brochure, 8 pp. 
Describes properties and applications as 
finishes, adhesives, tooling, laminates and 
others. Ciba Products Corp, Fair Lawn, 
NJ. 

(C-62) Epoxy Resins—Brochure, 8 pp 
Charts properties, structural, coating and 
other uses of 17 resins. CIBA Products 
Corp, Fair Lawn, NJ. 


(C-63) Creped Kraft Paper—Brochure, 8 
pp. Explains manufacturing process, prop 
erties and uses as plastics lamination rein- 
chamois, furniture 
Industries, Inc, 


imitation 
Cincinnati 


forcement, 
components. 
Cincinnati 15. 


(C-64) Adhesive Plastic Coating—Bro- 
chure, 4 pp. Contains samples of metallic 
finish textured polyester with adhesive 
backing. Coating Products, Inc, 101 W 
Forest Ave, Englewood, NJ 


(C-65) Silicone Rubber Products—Data 
Sheets, 18 pp. Presents properties, speci- 
fications of silicone rubber sheet, sponge, 
cements, conductive gasketing, tape plus 
plastic and glass tape. The Connecticut 
Hard Rubber Co, 407 East St, New 
Haven, Conn. 
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FELT GREATLY REDUCES 
GLAZING COSTS 


over conventional brushing. 
Fine china manufacturer uses 
special Felters DuFelt Polishing 
Belt to reduce glazing costs. 
Felt coarseness and density 
can be varied for most effec- 
tive polishing of metal, glass 
and ceramics. Can also be 
coated with abrasives. 


FELT ADHESIVE 
TAPES AND PADS 


are the most inexpensive ma- 
terial for sealing, padding 
and cushioning. Felt strips seal 
out dust, dirt, wind, fumes, 
moisture, and eliminate 
squeaks and rattles. 





FELT AS ALOW COST 
FRICTION MATERIAL 





Used as a braking or friction 





device, sometimes combined 








as a seal or washer. High co- 
efficient of frictioneand extra 
density provide foolproof 
clutching and tension action at 
low cost, like the Lever Puller 
shown at left, 


guutee® 


To get the most out of Felt, send 
for the Felters Design Book — a com- 
plete digest on properties and appli- 

eB cations. Write, today. 


— 


Ask for FELT from... 


DuFelt is a laminated 
combination of Felters' felt 
and Hycor; and is recom- 
mended for sealing of lighter 
oils when no head exists. Seals 
and lubricates at the same 
time; and offers improvements 
over other materials. 


Felt is an ideal wicking 
and lubricating material which 
can be designed into special 
assemblies like this distribu- 
tor cam shown here. Lubrica- 
tion is constant, wear reduced, 
ond felt can be shaped to 
cover all required creas. 


Lifetime bearing lubrica- 
tion is now possible by selec- 
tion of correct SAE grade, and 
designing into sealed bearing. 
Felt filters out contamination 
and works as combined reser- 
voir and wick, directing oil 
flow to required areas. 


Mechanical felt seals per- 
mit a close seal without undue 
pressure. Felt can be water- 
proofed and provides supe- 
rior grease and oil retaining 
and dust, dirt and grit ex- 


clusion. 


THE FELTERS COMPANY 


259 SOUTH STREET, BOSTON 11, MASSACHUSETTS 


Pioneer Producers of Felt and Synthetic Non-Woven Fabrics 
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Turbine fan 
of 
ZYTEL 


makes possible 


radical design 


A difficult design problem in Sunbeam’s 
new de luxe vacuum-cleaner line in- 
volved the turbine brush sweeper ac- 
cessory. The turbine brush combines 
the advantage of a power-driven brush, 
previously found only on uprights, with 
the power and flexibility of a tank-type 
cleaner. This brush is powered by a 
unique one-piece fan wheel made up of 
54 curved blades, spaced to allow the 
intake of metallic objects such as paper 
clips, hairpins and the like. 

For satisfactory operation of this tur- 
bine wheel, an exceptional material was 
required—one with high strength in 
thin sections, resilience, and resistance 
to metallic impact. The material had 
to be intricately molded to close toler- 


one of Du Pont's versatile 
engineering materia/s 


ances in an economical one-piece mold- 
ing. In addition, lightness of weight, 
abrasion resistance, and good bearing 
properties were needed. The solution: 
a wheel molded of Du Pont ZyYTEL 
nylon resin, which fulfilled all these re- 
quirements. The successful design of 
this component, molded by Chicago 
Molded Products Corporation, for Sun- 
beam Corporation, both of Chicago, 
Illinois, also permitted the over-all de- 
sign of the sweeper unit with a low 
profile for maximum furniture clear- 
ance. 

On the following page, you will find 
some additional examples of the basic 
design improvements made possible by 
the use of ZYTEL nylon resins. 








* 


quiet operation of the foot control, and 
eliminates salt-water corrosion problems 
In addition, the unit requires no lubrication. 
Molded by Nylon Products Corporation, 
Clinton, Massachusetts, for Tempo Prod- 
ucts Company, Cleveland 3, Ohio 


Full-throttle foot control for motor boats 
; made with gear, rack, guide panel and 
anchor ball of ZYTEL nylon resins. The rack 
and anchor ball have threads molded in to 
accept the control cable and sheath respec- 


vely. The use of ZYTEL assures smooth, 


Designed with ZYTEL 
for smooth, quiet operation 


The products on this page demand smooth, low-noise operation, as well 
as varying degrees of strength, abrasion resistance, corrosion resistance, 
and freedom from lubrication problems. In each case, the use of ZYTEL 
meets the combined design requirements and helps assure long, trouble- 
free operation. 

Du Pont ZYTEL may help you, too, to save money by reducing 
production costs and giving improved performance under a variety of 
difficult conditions. Find out how by sending in the coupon. Also, ask for 
the new booklet on the properties and advantages of tubing of ZYTEL. 


EF. I. du Pont de Nemours & Co. (Inc 
Room 2507Z, Dept. B: 123 4 
Nemours Building, Wilmington 98, Delaware. 
Please send me the booklet on tubing of ZYTEL. 
I am interested in evaluating ZYTEL for the following use: 





Name 








Company : _ Position 





Street 





State 
in Canads: Dw Pont of Conede Limited P.O. Box 660. Montres!. Quebec 





y ie oe 


— Alathon 


one of Du Pont's versatile 
engineering materials 


Sleeve bearings for heavy machinery are 
made with sleeves of ZYTEL, reinforced 
with a steel backing that has indented 
perforations and press-fits into the bear- 
ing housing. The good flow characteris- 
tics of ZYTEL enable it to flow easily into 
place through and around the many per- 
forations. ZYTEL provides the necessary 
abrasion resistance, impact strength and 
low noise factor. (Molded by Terhorst 
Manufacturing Company, Minot, N. D.) 


Carriage for hospital curtains is molded of 
ZYTEL, which provides the smooth, silent 
operation required in hospitals. This long- 
wearing part is easily assembled by snap 
fitting, needs no lubrication. (By Capital 
Cubicle Company, Brooklyn, New York.) 


POLYCHEMICALS DEPARTMENT 


ny lon 


Delrin Lucite 





WHY GLASS? 
It’s versatile and basic. 
And if it is a Corning glass, it offers 
your products these solid benefits: 
Permanent finish. Corning glass com- 
positions resist weather, chemical 
attack, abrasion and high tempera- 
surfaces stay non-ab- 


tures. Their 


sorbent and non-porous — clean 
quickly 
Controlled 


glasses are uniformly 


transparency. Corning 
transparent — 
piece after piece, year after year. 
Colored or clear—they never lose their 
original clarity 


Hermetic 


rugged designs from special glasses 


enclosures can be made in 
developed for glass-to-metal fusion 
sealing 

Electrically conductive coatings. Fired 
on to glass, they are a very efficient 
source of radiant energy. They pro- 
vide uniform heat distribution of a 
long wave length radiation readily 
absorbed by most materials. 

Durability 


balances of 


Glasses with ingenious 


mechanical, electrical 
and chemical properties plus correla- 
tion of form and shape insure a 
durable product. 

Heat indifference. Corning glass keeps 
strength and finish at high tempera- 
tures—in some compositions from 
900°F. to 1700°F. Heat indifference 
is furthered by designs that carefully 
distribute thermal stress. 

Electrical stability. Corning glasses 
high resistivity, low 


have power 


losses, low and high dielectric con- 
stants, excellent non-tracking proper- 
ties. They can also be furnished with 
special characteristics of high dielec- 
tric strength 

Chemical inertness. Corning glasses 
resist most atmospheres and chemi- 
cals even at relatively high tempera- 
tures—do not pit, scale or rust. They 
keep their chemical, mechanical and 


electrical properties indefinitely. 


NONMETALLIC MATER 


WHICH GLASS? 


You can choose from five types of 
Corning fill 
needs. But, if you have an unusual 


glasses. These most 
application—one that cannot be met 
by any of the following types—special 
variations will be suggested. 
Borosilicate glasses have high ther- 
softening points, 


mal endurance, 


chemical resistance, and excellent 
electrical stability. 
High 


thermal endurance, very high soften- 


silica glasses have extreme 


ing point, high chemical resistance, 


excellent electrical properties, and 


exceptional transmittance of the 
ultraviolet or the infrared. 

Opal glasses have uniform and well- 
controlled translucence and good 
mechanical strength. 

Lime glasses have controlled me- 
chanical properties and excellent 
visual qualities. 

Lead glasses have controlled me- 
chanical and electrical properties and 


high visual quality. 


WHERE GLASS? 


Because you can get Corning glass 


in almost any shape or form you wish 


—because you can be sure of the 


definite and fine balance of proper- 
ties required for your specific needs, 


you can use Corning glass in a wide 


range of applications. Some of these 


are: 


CORNING MEANS 


IALS AND FINISHES 


Why it will pay you to 


ONSIDER GLASS 


before your products reach the blueprint stage 


Ovenware 
Coffeemakers 
Laboratory ware 
Electrical insulatio 
Gauge glasses 
Industrial piping 
Range burner pla 
Crucibles 

Ultraviolet lamps 
Chermocouple protecting tubes 
Induction furnace linings 

Elec trical insulation 

Lighting ware 

Food service dishes 

dishes 


Incandescent lamps ind stems 


Refrigerator storag« 


Cumblers 
Vacuum bottles 
Fluorescent lamps 
Tableware 
Refrigerator trays 
Washer windows 
Level vials 

Fuses 
Lampworked nov 


Bowls for food mixers 


FREE BULLETIN 
For 


} 


how 


more complete information on 


you can advantageously us« 


glass in your product design, send 


Sulletin IZ-1. 


It lists specifications of th 


coupon Io! 
irlous 
types and forms of Corning glass¢ 
our design 


and tells how service can 


he Ip you. 


RESEARCH 1 N GLASS 


wy CORNING GLASS WORKS 51-9 crystal Street, Corning, N.Y. 


Please send me a copy of Bulletin IZ-1, 


entitied ‘Designing with Glass for Industrial, 


Commercial and Consumer Applications 


Name 


Company 


Street 


City 
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in only 90 days... 


101 aluminum fabricators have 
...Amchem’s newest 


To the hundreds of long-time users of Amchem 
Alodine—the first, low cost effective surface con- 
version treatment for aluminum—add a new host 
of fabricators who are employing the newest 
Alodine development—ALODINE 12008! 


ALODINE 1200S If you are producing aluminum—any type of 


aluminum—you'll want to investigate the pro- 
duction advantages and profit potentialities of 


protects aluminum best this new Alodine pre-paint process that provides 


constant, uniform quality as well as big savings 


ies ee hee te 
see j 


Through increased chemical activity ALODINE 
. . 1200S slashes processing time up to 50 percent! A 
In less time | 1200S system can be installed on your production 
line quickly and conveniently ...and bath is 
maintained chemically ...no special equipment 
required to control contamination! In an 
ALODINE 12008 system, products can be proc- 
essed through continuous dip in the same time 
cycle other conversion coatings require for con- 
tinuous spray lines! That means lower initial 
equipment and maintenance costs, wider range of 
product applications regardless of the applica- 
tion method—brush, dip, continuous strip or 
spray. ALODINE 1200S is qualified under Gov- 


ernment Specification MIL-C-5541. 


ALODINE 1200S is Amchem’s positive answer 
to constant uniform quality in aluminum proc- 
essing. Put its assured protection and production 
flexibility to work for your aluminum products 


and market them with greater confidence! 
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switched to Alodine 1200S 
conversion coating! 


FASTER, LOW COST, EFFECTIVE AND FLEXIBLE, ALODINE 1200S IS PROVIDING NEW HIGHS 


| 
| 


, | 
AA aluminum 


aluminum aluminum > venetian 
stop signs doors ' blinds 





deme 


IN CORROSION RESISTANCE AND PAINT BONDING QUALITIES TO THESE AND 


aluminum aluminum 
—| cameras awnings 
aluminum ». 





house 
trailers Mmmm 


| 


MANY MORE FINE PRODUCTS IN THE ALUMINUM INDUSTRY. YOU, TOO, CAN 


aluminum aluminum 

license missile 

plates parts 
rinum 


boats 


UPGRADE YOUR PRODUCTS’ CONSUMER APPEAL WITH ALODINE PROTECTION. 


sore aluminum 
—— eerer 

_ aa 

mn 


- 
- siding 


ioe gone 
CONTACT YOUR NEAREST AMCHEM REPRESENTATIVE FOR COMPLETE DETAILS! 


<@> ALODINE 12008 


Amchem and Alodine are registered trademarks of AMCHEM PRODUCTS, INC. 
(Formerly American Chemical Paint Co.) 


AMBLER, PA. « Detroit, Mich. ¢ St. Joseph, Mo. ¢ Niles, Calif. * Windsor, Ont. 
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f When you’re choosing 
| @ protective coating... 
1 HOW HOT IS 
|! YOUR HOT? 


ROD AND TUBING O-RINGS 





eae ee ee ee ee oe oo” 


‘\ 


i 


SHAFT SEALS BEARING SURFACES 


A Nose Cone Gets Hot 

\\ \ When conventional organic 
finishes were used in Chrysler 

in Redstone Missile tests, they 


te ignited and disintegrated 
VALVE SEALS CUP PACKINGS THRUST WASHERS under simulated re-entry con- 
ditions. Sicon survived because 
it possessed the inherent heat 

resistance to meet perform- 
BRICATED PARTS IN ance requirements. This has 

been confirmed in large scale 


ND FA 
PES . tests and actual missile firings. 


(R 
A Truck Heater Gets Hot 
A porcelain type 
; coating used on a 
truck heater failed 
B | because it could not 


ij stand the thermal 

0 13) eo shock of rapid heat- 

cE ing and cooling. The 

REINFOR same heating (550°-600°F.) and cooling 
left Sicon’s film integrity unaffected. 


*Dupont Teflon A Tractor Engine Gets Hot 


A farm equipment 

manufacturer used 

a bright organic red 

color on their stand- 

ard equipment. The 

coating on the en- 

gine parts, which 

were subjected to 

high temperature, 

qui kly decomposed. Midland engineers 

eveloped a matching bright Sicon Red 

which retained its color and gloss and 
protected the hot spots on the engine. 


ie How HOT is your HOT ? 


a 


BEARING RETAINERS PISTON RINGS 




















SHEETS CUSTOM EXTRUSIONS GASKETS 


fS/ 





Sicon possesses the flexibility of ordinary 
organic finishes and the heat resistance 
of ceramic coatings—up to 1000°F. in 
black or Aluminum; up to 550°-600°F. in 
decorative colors. Upon inquiry a sample 
Design engineers note! RULON adds extra values Sicon formulation for testing your “‘hot”’ 

er . requirements will be prepared at no ob- 

to your products ... low friction performance even ligation. Send details of your “hot spot” 


without lubrication . .. wide temperature adaptability problem today to Dept. I-31 


(— 350° to+500°F)... high resistance to wear and defor- 











mation... and practically universal chemical inertness. 


Unlike nylon and many other materials, RULON won't 
swell in presence of moisture. oa eee 


t's Pro re 
HEAT RESISTANT FINISH 


RULON is the sure relief to many a oe 
- ; A Silicone Product of 


design headache. For RULON engineering 
Brochure #9572, write ; 
DIXON CORPORATION x MIDLAND 
_samsTOL. RHODE ISLAND SS INDUSTRIAL FINISHES COMPANY 


WAUKEGAN LINOIS 
Suppliers of basic shapes and fab- 
ricated parts in Rulon and Teflon 
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wal lubricating 
BEARINGS—BUSHINGS 
acl COMPONENTS 


Where Lignum-Vitae is adaptable, there is seldom 
any other superior material. Runs efficiently dry 
and wet . in fresh or salt water, in contact 
with many acids, chemicals and other materials. 
Being non-contaminating, it may be used in con- 
tact with edible foods and liquids 
The natural encapsulated lubrication never drips 
or leaks under proper application 
Lignum-Vitae is ideal for tough ‘‘trouble spots’’; has 
unusual homogeneity, great compressive strength 
(up to 14850 psi). There have been applications 
where Lignum-Vitae Bearing, water lubricated, 
lasted ten to thirty times as long as Bronze or 
Also reduced power consumption 20% 


Babbitt. 

WE CAN SERVE YOU, UPON REQUEST, AS FOLLOWS 

(] Technical Brochure; Summary of Lignum-Vitae 
Properties. 

[] Quote on Lignum-Vitae Bearings, Bushings and 
Components to specifications. (Send blueprint 
and application data) 

C] Price List: Lignum-Vitae Material, all forms. 

C) Price List: Most standard types of 
Lignum-Vitae Bearings and Bushings 

C) Bulletin “How to use Lignum-Vitae 
(Material), Bearings, Bushings and Com- 
ponents.” 

C) Send us the name and address of your 
favorite Bearing Distributor. 
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Catalogs and Bulletins. . . continued 


(C-66) Thermoplastic Extrusions — Bro 
chure, 4 pp. Lists shapes, materials and 
services available. The Conneaut Rubber 
& Plastics Co, Box 621, Conneaut, Ohio. 


(C-67) Felt—Catalog, 4 pp 
twelve samples and a table of specifica 
Continental Felt 


Supplies 


tions, suggested uses 


Co, 22 W 15 St, NYC 


(C-68) Ceramics—Brochures, 10 pp. Ds 
scribes properties and uses of alumina and 
beryllia ceramics and oxide coatings. Coors 
Porcelain Co, 600 Ninth St, Golden, Col. 


(C-69) Plastic Parts—Catalog, 
tains dimensions, illustrations 
knobs, handles, feet and meter iSeS 
Harry Davies Molding Co, 1428 N Wells 
St, Chicago 10. 


8 pp Con 


of phenoli 


(C-70) High Alumina Ceramics—Brochure 


6 pp. Lists comparative properties of ma 


pI 
terials for electronics applications. Gives 
tables of standard rods, tubes and cylin 
ders. Illustrates sample electroni on 
ponents. Diamonite Products Mfg C 
Div of US Ceramic Tile Co, Shreve, Ohi 


(C-71) Teflon Tape and Film—Catalog 
19 pp Describes some properties of th 
material. Gives price and size information 
on metallized films, pressure sen 
tape and other forms. Dilectrix Cory 
Allen Blvd & Grand Ave, Farmingdak 
NY 

(C-72) Teflon Products—Bulletin, 8 pp 
Contains table of teflon properties. Shows 
molded teflon products such as bellows, 
packing, lined fittings and others. John L 
Doré Co, Box 7772, Houston 7 


(C-73) Silicones—Brochure, 16 pp. Fur 
nishes briefs on properties and uses of 250 
fluids, resins, rubbers, lubricants 


Dow Corning Corp, 


silicone 
and other forms 
Midland, Mich 


Brox hure. fe] 


cold, severe 


(C-74) Silicone Rubber 
Relates 
weather, ozone, atmosphere and compres 
Dow Corning Corp, Midland, 


resistance to heat, 


sion set 


Mich 


(C-75) Silicone Electrical Insulation—Bro 
chure, 6 pp. Guides selection of silicone 
products for different insulating jobs. Dow 
Corning Corp, Midland, Mich 


(C-76) Acetate and Butyrate Plastics— 
Brochure, 20 pp. Discusses properties and 
typical uses of cellulosic plastics. Includes 
table of properties and illustrations. East- 
man Chemical Products, Inc, Kingsport, 
Tenn 


(C-77) Coatings and Cleaners — Data 
folder, 34 pp. Describes chemicals and 
equipment for preparing metal surfaces 
for painting and welding. Neilson Chemi 
cal Co, 2300 Gainsboro, Detroit 20. 


continued 
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Beautiful 
Lightweight 


MOLDED 
FIBER 
GLASS, 


fo} mete) sia-1-s 


matched me 
Fiber Glass 


s better 
it can be > co 
deep-draw shapes which you car 


nake with 


make your product: 
less cost with MOLDED Flt 


i itellel-re 
Fiber 


Company : 


4423 Benefit Avenue 
Ashtabula, Ohio 
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A DRAMATIC DEMONSTRATION OF THE NEW CLAD-REX 102 LAMINATE 


Boiling water provides a positive test for Almost within a matter of seconds, the Even after as long as four hours of boil- 
two deep drawn* vinyl-clad parts. Nei- part formed of conventional vinyl-clad ing, the part formed of new Clad-Rex 102 
ther special care in forming, nor post cur- metal (at right) begins delaminating at laminate (at left) still shows no delami- 
ing has been used to prepare either part. the corners. nation whatsoever. 


New Clad-Rex vinyl-clad metal sharply reduces 


limitations in deep drawing and heat exposure 


Has your interest in vinyl-clad metals been cooled because your prod- 
uct is deep drawn? .. . or because your product is exposed to elevated 
temperatures? ... 

Now, you can solve the problem with new Clad-Rex 102. It’s a new 
vinyl-metal laminate that is, in effect, a single element of material. 
Clad-Rex 102 combines for the first time the ultimate properties of 
sheet metal with the optimum characteristics of vinyl. 

Call or write for facts of this major technological breakthrough by 
the extensive research laboratories of Simoniz Company. 


*Depth of draw equal to six times radius of corner 


VINYL-METAL LAMINATES BY CLAD -RE xX @ DIVISION OF SIMONIZ COMPANY 


11516 W. King Street ¢ Franklin Park, Illinois 
Telephone: GLadstone 1-2323 
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Here’s the fast, economical way to 
protect vital parts and equipment 
against temperatures up to 4600°F 

. . extreme abrasion . . . electrical 
energy ... erosion and corrosion. 
Simply apply ROKIDE Ceramic Coat- 
ings hard, crystalline refractory 
materials — which provide positive 
protection. 

ROKIDE Coatings are supplied in 
rod form as “‘Z” Zirconium Oxide, 
“A” Aluminum Oxide, “‘C’’ Chrome 
Oxide, “ZS” Zirconium Silicate, and 
“MA” Magnesium Aluminate. To 
apply, rod is heated and the molten 
particles projected at high velocity 
against the prepared surface, where 
they adhere and solidify. 

ROKIDE Coatings are extensively 
used for both military and industrial 
applications such as: missile com- 








Protect modern metals 


and materials 
with ROKIDE* Ceramic Coatings 


ponents, bearing surfaces, extrusion 
dies, furnace and feed rolls, induction 
coils, igniter tips, strain gages, buffing 
fixtures, mechanical seal rings, pump 
shafts, capstan wheels, impellers, 
crucibles, etc. 

ROKIDE Coatings are available from 
a number of strategically located job 
shop applicators or direct from 
Norton Company, Worcester, Mass., 
and Santa Clara, California. Find out 
how they can cut your maintenance 
and production costs. NORTON Com- 
PANY, 228 New Bond Street, Wor- 
cester 6, Massachusetts. 





*Trade-Mark Reg. U. S. Pat. Off. and Foreign Countries 


WNORTONP 


REFRACTORIES 
Engineered... Fy ... Prescribed 





Write for full details on the 
ROKIDE Coating Process. 





75 years of... Making better products...to make your products better 


NORTON PRODUCTS: Abrasives + Grinding Wheels + Machine Tools + Retractories + Electre-Chemicals — BEHR-MANNING DIVISION: Coated Abrasives + Sharpening Stones + Pressure-Sensitive Tapes 
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‘ive reasons why so many designers select 


It’s an insulator 


Che Thermal Conductivity (K Factor) 
of Dyuire is 0.242 at a 75°F. mean 
temperature at 2 lb./cu.ft. density 
Dy ire resists heat, is unaffected by mois- 
ture condensate. Cooler chests molded 
of Dy.itre keep food and beverages cold 
for days without ice refill. DyLire is 


easily molded to fit contours of com- 


It’s waterproof 


At 2 lb./cu.ft. density, Dy.rre’s rate 
of Water Vapor Transmission is 1.18 
perms., and its rate of Water Absorption 
is 0.54 lbs./cu.ft. after 48 hrs. immersion 
Dyutre is ideal for boats, rafts, buoys 
and other types of buoyant marine 
equipment. DyLire remains in the water 
indefinitely without becoming water 


> ° 
It’s shock-resistant 

Dy.it! possesses an Energy Absorption 
ratio (Maximum Load) of 56.74 in 
Ibs./cu.in. at a density of 2 lb./cu.ft 
For example, Royal electric typewriters 
are now shipped in shock-absorbent 
Dy itt packages—a result of perform- 
ance tests in which Dy ire was proved 


superior to other materials for this job 


ponent parts of refrigerators, air condi logged, and it is mildew-proof. 


tioners and freezer cabinets 


rYPICAL PROPERTIES OF DYLITE EXPANDABLE POLYSTYRENE — DENSITY 2 LB./CU.F1 
+ Compressive Strength—30 Psi « Tensile Strength—55 Psi « Water Vapor Transmission—1.18 Perms 
« Water Absorption—0.54 Lbs./Cu. Ft. « Thermal Conductivity (K Factor )—0.242 at a 75°F. Mean Temperature 


« Energy Absorption (Maximum Load)—56.74 In. Lbs. /Cu. In 


DYLITE is a registered trademark of Koppers Company, Inc 
DY LENE® polystyrene, SUPER DY \N® polyethylene and DYL AN® polyethylene are other fine plastics produced by Koppers Company, Line, 


Offices in Principal Cities « In Canada: Dominion Anilines and Chemicals Ltd.. loronto, Ontario 
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DY LITE’ expandable polystyrene 


5 e . 
It’s lightweight 
Dy.utre is lighter than cork—it can be 
molded in densities of | to 10 Ib./cu.ft. 
The advantages of light weight are ob- 
vious. In packaging, Dy.rre helps reduce 
shipping costs and makes handling eas- 
ier. In the construction field, where 
Dy.ire is used as an insulator, its light 
weight means fast and easy installation, 


It’s strong 


Dyurre has a Compressive Strength of 


30 psi and a Tensile Strength of 55 psi 
at a 2 lb./cu.ft. density. DyLrre can be 
used to great advantage in a wide variety 
of industrial design problems. For in- 
stance, sandwich structures that employ 
Dy.ire as the core material offer high 
strength without sacrificing light weight. 


PRODUCT ENGINEERING — Mid-September, 1960 


...1f you 
would like more 
information about 
versatile DYLITE 
expandable 
polystyrene, 
write for this 
free booklet. 


Koppers Company, Inc. 


Plastics Division 
Dept. PE 90, 
Pittsburgh 19, Pa. 
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SMA 
Oss 


FIRE-RETARDANT POLYESTER RESINS 


PHENOLIC RESINS AND MOLDING COMPOUNDS 
DIALLYL PHTHALATE COMPOUNDS 


For the designer who spells 


LOWER-COST general-purpose phenolics, 
proved in all manner of applications for 
forty years. These workhorses of industry 
account for thousands of applications— 
not only because they cost less but because 
nothing has come along that does things 
better: housings, cases, large and small 
parts requiring a balance of such properties 
as strength, non-conductivity, smooth sur 
face, resistance to heat, cold, chemicals. 


NON-BLEEDING PHENOLICS that are resist 
ant to alcohol, essential oils, and other sol 
vents and impart no color or flavor to foods 
perfumes, cosmetics and other bottled 
products. For baby-bottie nursing top and 
caps we offer molding compounds which 
will stand repeated autoclave sterilization 
at 275°F, with many combinations of torque 
strength, surface finish, moisture resistance 
and other properties. They are formulated for 
high-speed molding on automatic presses 


GREATER IMPACT RESISTANCE for prod 
ucts subject to rough handling. For these 
Durez can help you choose from a broad 
range of shock-resistant phenolic com 
pounds for telephone parts, gears, bush 
ings, pulleys and structural components 
These range from 0.3 to 17.0 ft.-ib.fin 
impact. With strength like this, there's no 
need to run up costs by overengineering 
or by staying with unsatisfactory materials 


BONDING, IMPREGNATING, laminating and coating resins are 
also available from Durez in hundreds of formulations for use 
in abrasives, reconstructed wood, friction materials, rubber 
compounds, and corrosion-resistant mortars. Other types in- 
clude shell-mold resins that are helping foundries produce 
better castings. Coating resins contribute important proper- 
ties to printing inks, and to brushing or spraying finishes 


LARGE STRUCTURAL SHAPES such as this outboard motor 


shroud are stronger and safer when molded with Hetron® 
polyester resin and fibrous glass. Hetron laminates and molded 
parts do not support combustion. Fire resistance is inherent— 
chemically locked in without the use of weakening additives 
Corrosion resistance, and the ability to take a baked-on finish 
without crazing, are other key qualities 
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out tougher specifications... 


DESIRABLE ELECTRICAL PROPERTIES, com 
bined with light weight and dimensional 
stability, can be obtained in Durez electrical 
grade phenolic molding compounds. They 
find wide use in automotive ignition parts 
resistor casings, coil forms, tube bases, and 
electronic components of many types. Some 
of these compounds are formulated espe 

ally for molding around large inserts. Sev 
eral are designed to meet military specifi 
cations 


SPACE-AGE PERFORMANCE often requires super-plastics such 
as Durez dially! phthalate molding compounds. Reinforced with 
orlon or glass fiber, these materials are virtually free from cold 
They retain high electrical insulation values at 
and over a wide temperature 
Their reliability has led to their wide use in rocket and 
in many other electrica:s and elec- 


flow and creep 
relative humidities above 90° 
range 
missile components and 
tronic systems 


DUREZ PLASTICS DIVISION 


TONAWANDA, N 


HOO CHEMICAL 


KER 


CORPORATION 


1960 


HEAT RESISTANCE combined with high 
non-conductivity and other desirable elec 
trical properties is also available in Durez 
molding compounds. Most compounds in 
this class are designed to take 72-hour heat 
treatment at 392°F. Some will survive 
450°F for relatively long periods, and high 
er temperatures for shorter periods, with 
out serious impairment of physical proper 
ties or molded appearance. They find wide 
use in electrical appliances 


FACTS, 


1514 WALCK ROAD, NORTH 


SPECIAL PROPERTIES in unusual combina 
tions are available in Durez phenolics. Ex 
amples: low modulus of elasticity combined 
with other wanted properties. Or outstand 
ing chemical and moisture resistance com 
bined with high mechanical strength, as in 
this sump-pump impeller. By formula varia 
tions and the skills of compounding learned 
over a forty-year period, Durez can give 
you resins and molding compounds that fit 
any job 


IDEAS for your files are available in illustrated bulle 
tins and data sheets. These contain full descriptions of Durez 
materials, including properties, uses, design suggestions, facts 
on molding and finishing. For latest application information 
ask us to send you Durez Plastics News, 
and packed with information on new products and uses 


mailed periodically 


HOOKER 


CHEMICALS 
PLASTICS 
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MmOeERCULES 


Plastics Hi-Lites 





Blow-Molding challenges injection 


As blown containers move full steam ahead, engineers see 
sizeable new markets for many types of blown structures. 





r=} s 


i 
oS 


MILLIONS OF POUNDS 
° 


o 








Blow-molding is an old, if not formerly eminent, 
art with many facts in its favor. It is poten- 
tially fast, economical, and wonderfully suited 
to the design of intricate, highly functional 
shapes. But it was not until the advent of 
today’s rigid, heat- and chemical-resistant 
polymers that blown structures rated serious 
consideration in many use areas. The new 
materials gave stimulus to developments_at 
the production level, and processors have ef- 
fected significant improvements in blowing 
equipment and accessory techniques. Result: 
Blow-molding has. grown almost overnight to 
challenge injection molding as the leader in 
| } | 


forging new markets for plastics. 

Hi-fax®, high-density polyethylene, @on- 
tainers for liquid detergents led.tothe big, 
dramatic breakthrough in ‘blow-molding. 
Hi-fax continues to lead‘the way in such new 
blow-molding frontiers as industrial shapes, 
sporting goods and toys, packaging, and house- 
hold accessories. The rate of growth of blow- 
molded industrial shapes alone (see chart) 
promises to exceed that of any other sector of 
the plastics industry. By 1965, total consump- 
tion of plastics in blow-molding will quad- 
ruple, be in excess of 200 million pounds. 
Here’s a quick look at what’s going on. 

| | | 
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PROJECTED GROWTH OF BLOW-MOLDED INDUSTRIAL SHAPES 


(1965 consumption of all forms of blow-molding will be in excess of 200 million pounds) 





HOLD EVERYTHING? 
WELL, NOT QUITE 


The leading o06 pioneer 


extensive sipore htt ee th leben o 
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INDUSTRIAL SHAPES 


Advanced automotive engineering concepts such as these 
point the way to tremendous growth in the use of Hi-fax 
for blown industrial shapes. The complex shape of wind- 
shield solution container (left) makes it possible to utilize 
former under-the-hood waste space in a compact car. 
Built-in bellows feature of high-density heater duct (right) 
provides a flexible, low-cost part adaptable to rapid, 
economical assembly. Both parts exemplify the fine com- 
bination of properties and processability offered by Hi-fax 
blown structures. 


SPORTING GOODS AND TOYS 


Blow-molded Hi-fax shapes offer the short, fast, low-cost 
route to the production of readily merchandised sporting 
goods and toys. Lifelike realism achieved in the duck 
decoy shown at left is typical of the effects possible with 
Hi-fax. Exciting new surface textures, excellent mold de- 
tail reproduction, and a broad color spectrum, combined 
with lightweight toughness, in a pleasant-to-handle, non- 
toxic material, make blown Hi-fax shapes a natural for 
these fast-moving, highly competitive markets. 


DRUGS AND COSMETICS 


Hi-fax has greatly broadened the horizons of designers of 
blown containers. Its combination of rigidity and chemi- 
cal resistance now permits the use of plastic packages for 
a wide variety of drug and cosmetic products in exciting 
new shapes. Unique “Whitey the Whale” container in 
background holds bubble bath solution; later will serve 
as an appealing toy. Hi-fax blown shapes are ideal for 
secondary use and premium packages, at down-to-earth 
prices competitive with metal and glass. 


HOME AND OFFICE 


This handsome group of lampshades is a good example 
of the interesting and pleasing blown shapes which can be 
achieved in home and office accessories. Hardware, house- 
wares, machine housings and decorative fittings are all 
fields where the esthetics and economy offered by Hi-fax 
blow-moldings must prompt their immediate considera- 
tion by all forward thinking producers. 

Want more information about blow-molding? Look to 
the leader and pioneer in this field. Call or write: 


Jo fy 6 OF OF BF Sw) 


THREE NEW MATERIALS FOR THE PLASTIC INDUSTRY 
oreo-S = HI-FAX® HIGH-DENSITY POLYETHYLENE . PRO-FAX® POLYPROPYLENE ° PENTON® CHLORINATED POLYETHER 
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Get up to 300’, greater horsepower per belt! 


ys 


Specify super-rated V-belts reinforced with 


ou’ll get uptothree times the horse- 
Y power of ordinary belts when you 
specify super-rated V -belts reinforced 
with Du Pont ‘‘Dacron’’* polyester 
fiber. Super-rated belts reinforced 
with “Dacron” give you greater 
horsepower without an increase in 
drive size. Or they give you more 
compact drives without a sacrifice 


Enjoy 
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in power... plus amazing resistance 
to shock loads and flexing. 

For the next drive you install, be 
sure you specify super-rated V-belts 
reinforced with tough, long-wearing 
Du Pont “‘Dacron’’. Du Pont makes 
the ““Dacron’’ fiber used by belt man- 
ufacturers in producing their finest- 
quality V-belts. 


The Du Pont Show With June Allyson 


CBS-TV 





oe 
sek 


DACRON 


POLYESTER FIBER 


FREE BOOKLET: ‘Du Pont ‘Dacron’ Sets New 
Standards for V-Belt Performance’’. Write: E. 1. du Pont 
de Nemours & Co. (inc.), 31E Centre Road Bidg 
Textile Fibers Department, Wilmington 98, Delaware 


t's regiatered tr 


REG. U.S. PAT. OFF 


s for Better Living 
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KEFP AHEAD WITH HAVES 


PRECISION PLASTIC MOLDINGS 


“Haveg offers the most complete precision plastic molding facilities, 
experience and ‘know-how’ available anywhere.” 


> ya to ate SE Po Rt ae 














a. oh 


(a) A series of crab locks molded 
from Nylon. 

(b) Electrical connectors for making 
and breaking as many as 41 
electrical circuits at one time ore 


That's a strong statement but a very important one to 
remember in planning any type precision molding project. 
Haveg works with every known material to provide the 
most economical moldings . . . with properties necessary to 
meet the most rigid specifications 


Today Haveg is literally making design dreams come true. . . 


through its extensive research and development 
laboratory facilities as well as the best quality control 
laboratory within the industry. 


Quality claims are made by many BUT Haveg and only 
Haveg provides the expert tool design and construction, 
equipment instrumentation, careful testing of incoming 
materials as well as many other specialized operations so 
necessary to assure highest quality precision moldings. 


Haveg is justifiably proud of its unsurpassed versatility in 
facilities and engineering experience . . . we will be 
happy to put them at your disposal. Why not consult us 
on your next project... you'll find it pays to... 

keep ahead with Haveg 


used in missile tracking equipment. 
Comparator chart in background 
enlarges connectors 10 times 

and checks the accuracy of all 
holes and insets. 

Pick-up head for stereophonic 
record player. This is a complicated 
but very small part (one third 

the width shown) in which three 
insets are molded into the head. 


Keep Ahead wir TN 


HAVEG. 
[ee N 
Finst IN Zeginaered PLAstics 


TAUNTON DIVISION 


HAVEG INDUSTRIES, INC. 


336 Weir Street + Taunton, Massachusetts 


Other Operating Divisions Blow Molding Division — Bridgeport, Connecticut * Chemical Materials Division — Wilmington, Delaware » Heveg Carperation — Wilmington, Delaware 
Reinhold Engineering & Plastics Co., inc Norwalk, California * American Super-Temperature Wires, inc. — Burlington, Vermont + Hemisphere Products Corporation — Rio Piedras. Puerto Rico 
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from deflector bars...to observatory domes... 


GAMBLE solves problems with WOOD! 


PROBLEM: Solid wood conveyor deflector bars were 
splitting and breaking from repeated impact of 
conveyed objects, causing downtime expense. 


SOLUTION: Gamble wood engineers developed a 
laminated hickory deflector bar—thinner and more 
resilient, yet with greater and more uniform 
strength (due to lamination and the characteristics 
of hickory). 


PROBLEM: Butler University, Indianapolis, needed 
a hemispherical dome for its J. I. Holcomb Ob- 
servatory. The material for the 360-degree-rotating 
dome had to offer maximum dimensional stability 
plus beauty in keeping with the overall design. 


SOLUTION: Gamble Brothers provided curved, 
laminated, wooden ribs for the 24-foot Observa- 
tory dome, and another giant “umbrella frame” 
for the Planetarium dome. 


Design problems like these are “all in a day’s 
work” to the wood engineers at Gamble Brothers 


—a unique organization ee and building 
a wider variety of wood products than any other 
U. S. woodworking company. Today they’re work- 
ing in three principal areas: (1) improvement of 
present “ar products (2) development of new 
wood products (3) product development in com- 
binations of wood and other materials. 


Why not eee your design or component 
problem to Gamble Brothers? WOOD may be 
the answer! 


FREE booklet illustrates GAMBLE services 


This 28-page booklet de- 
scribes Gamble facilities and 
services in detail. Includes 
many photographs of unusual 
products designed, tested 
and perfected by Gamble 
Brothers. Write for your 
copy today! Gamble Brothers, 
Inc., 4617 Allmond Ave., 
Louisville, Ky. 


If the problem involves wood, Gamble can help! 


GAMBLE BROTHERS, INC. 


4617 Alimond Avenue, Lovisville, Kentucky 
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Handsome and Hardworking 
lexiglas ... Implex 


Flashing lights at sea shine brightly through large lenses and 
covers molded of PLEXIGLAS® acrylic plastic. The PLEXIGLAS 
parts are used in navigation lights for the U. S. Coast Guard, at 
a fraction of the cost and weight of cut glass lenses. Precision 
molding of the lens pattern gives the PLEXIGLAS lens maximum 
efficiency in light control, and the material resists weather, 
breakaye and salt water. 


Winking lights at home are revolutionizing indoor photography 
by making indoor pictures without flashbulbs possible, with the 
new wink-light attachment shown above. Tough IMPLEX®, the 
high impact acrylic, gives handsome appearance and rugged dur- 
ability to the housing. PLEXIGLAS is used for the lens. 


We will be glad to help you use these Rohm & Haas acrylic mold- 
ing materials—to your advantage. 
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Il ROHM € HAAS 
COMPANY 


WASHINGTON SQUARE, PHILADELPHIA 5, PA. 


In Canada: Rohm & Haas Company of Ct 
Hill, Ontario 
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and 
~~ tec: 4 
rh graph of “My oil 


an actual phot 


ergoing dielectric strength test (per ASTM-D-149 


MYLAR*® has a dielectric strength of 4,000 volts per mil 


Can the unique combination of properties found in ‘'Mylar’’ 


help you solve your design problems? 


“Mylar 
ble engineering material. In addition to 
its outstanding dielectric 
*“‘Mylar’’ has an average tensile strength 
of 20,000 psi, 


tremes 60° to 150° ¢ resists m¢ 


chemicals and moisture 


materials 


embossed and 


ey 


High dielectric strength helps cut capacitor size 
Tough, thin Mylar” with a dielectric 
strength of 4,000 volts per mil for 1 mil film 
per ASTM-D-149) permits capacitor man 
ufacturers to reduce size of finished unit 


improve performance and reliability 
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On an area basis, tough, thin ““My 


often costs 


ess than heavie1 
“Mylar can be 


metalized 


THR« H 


* polyester film is a tough, flexi 
strength 


withstands temperature ex 


conventi 
laminated 


pune he d 


BETTER THIN FOR BETTER VING 
CHEMI 


oated. The filn 
ie M ylar’’ is av 


na wide range of 


won't embrittle with 
iilable in roll or sheet 
gauges 
1d out how the omoination oj] prop 
in “‘Mylar’’ can help you solve 
tty design problems, improve product 
ince or cut costs. Write for our 
containing detailed information 
on properties and applications. E. | 
du Pont de Nemours & Co. (In Filn 
Dept., Room P-9, Wilmington 98, Del 


DU PONT 


MYLAR 


POLYESTER FILM 


® 
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do you know 
these facts 
about this 
fabulous 
plastic? 


Do you know that: 


@ National Vulcanized | 
paper or fiber-board 


cellulosi 


Ds spite 
ind 


st-cutting 


iren t equ 


e \ inized Fibre 
usual combination 
mechank il 
imagination 
greater chance 


propertsi 


@ National 

tanding 

conduct 

hock-a rbene 
ance It is 


soaks up noise! 





@ National 
deep-drawn into intri 
machined polished 
quered, embossed 
combination witl 


uminun 


inizea 

pounding 
when used for containers. And 
stood under 22.000 for 


seconds without serious 


Fibre 
iminum 


smoott 


looking 

For 

information ! nm ilcanized 
Fibre and samy] write Dept 
R or contact your nearby NVF Sales 
Office. You'll find the phone number 
in Sweet's Product Design File 2b/Na 


NATIONAL 


VULCAN EZE rFrLBRE 


WATIONAL FIBRE COMPANY OF CANADA. LTD 
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*“*THE SOVEREIGN OF THE SEAS” — from the collection of the Seamen's Bank For Savings in the City of New York 


SETTING SAIL INTO THE SEA OF SYNTHETIC FELTS? 


. Let Troyfelt help you 
plot your course 


Troy’s only business is in the synthetics—Dacron,® filtering ability. Just the thickness, density, per- 
Orlon® and combinations. Moreover, Troy special- meability or weight you want. You tell us what 
izes in non-woven felts, having pioneered in the properties you’re looking for — and in most cases 
development of the non-woven process. we can match your needs precisely. 

What is the advantage of TroyFeELT? Simply See how you may improve your present products 
this: no binder is used. Eliminating chemical and ... Solve an operating problem. . . or even come up 
fiber binders results in far greater design versatil- with an entirely new product. Details... just drop 
ity. We can give you outstanding abrasion, heat us a note. We’ll send our most recent technical 
and chemical resistance. Higher insulation. Greater bulletin and sample of various blends of TroyFeE Lt. 


AWA 


ROY. LT .. . by the pioneers in non-woven synthetic felts 
pe. INDUSTRIAL PRODUCTS DIVISION « TROY BLANKET MILLS 
200 Madison Avenue « New York 16, New York 
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Know the Design Advantages of these Plastics 


(You'll profit by keeping up to date) 


POLYETHYLENES: Light weight with strength. This 100 ft. 
coil of 2-in. polyethylene pipe is easily supported by one man. 
Flexible and rigid polyethylenes each have outstanding physical, 
chemical and electrical properties. Gas permeability and a broad 
range of colors make polyethylene film ideal for packaging. 


PHENOLICS: These electrical parts illustrate one of the long- 


time uses for phenolic plastics. Strong and durable, phenolics 


are also molded into washing machine agitators, furniture 
drawers, bottle caps They are also excellent for chemical- 
resistant coatings and industrial or decorative laminates. 


u 


VINYLS: This flexible printed circuit has copper conductors 
laminated between layers of vinyl sheeting. Vinyls combine elec- 
trical resistance, formability, color, and elastomeric qualities. 
Tough, handsome vinyls can be fabricated into flexible or rigid 
film and sheeting. Inflatables, swimming pool liners, packaging, 
and wire insulation are important uses. 


EPOXIES: With its coils embedded in epoxy, this motor is 
running under water. The strongest and hardest of plastics, 
epoxies are ideal for industrial coatings and reinforced lami- 
nations, including medium-to-long-run tools and dies. They are 
extremely tenacious when used as adhesives 


STYRENES: Television masks like these exhibit the superior 
eye-appeal of styrenes. A range of impact strengths, brilliant 
colors, and gleaming finish broaden the design applications of 
these materials. Molded and extruded, styrenes find use as refrig- 


erator door liners, tovs pa kage ind houseware¢ 


Get more detailed information about these design ma- 

terials now. Mail the coupon for your “1961 Materials 
and Data Guide” to BAKELITE Brand 
Plastics. For specific technical assist- 
ance just write or call any of our offices, 
outlining your problem. 


Dept. IP-6950 
Union Carbide Plastics Company 
270 Park Avenue, New York 17, N. ¥ 
Please send me the 1961 Materials and Data 
Bake.ite Brand Plastics 


NAME 
FIRM NAME 


ADDRESS 


CITY 


“Bakelite” and “Union Carbide” are registered trade-marks of Union Carbide Corporation 


PRODUCT ENGINEERING — Mid-September, 1960 


CIRCLE 145 ON READER SERVICE CARD 145 





NONMETALLIC MATERIALS AND FINISHES 


SOLVING RIAL 
DESIGN PROBLEMS 
HEAT RESISTANCE 


A 5000° flame takes ten minutes to penetrate a one-quarter inch piece of CDF’s new Dilecto 
RD-105 laminate. The same thickness of cold-rolled steel is pierced in less than forty seconds. 


Molded from graphite fabric impregnated with a structural materials and electrical insulations. 
heat (ablation)-resistant phenolic resin, new CDF Vulcanized fibre, silicone rubber and mica, and ther- 
grades RD-105 and RD-115 are being evaluated in mosetting moldings are also supplied by CDF. 
solid propellant rocket motors. CDF can provide both quality and true economy 

in selecting plastic materials best suited to your 
Dilecto laminates are only one family of products needs. Refer to SWEETS PD file or write to us for 
from industry’s largest selection of non-metallic General Folder 60. 


CONTINENTAL-DIAMOND FIBRE 


y® A SUBSIDIARY OF THE -Jfaa4f- COMPANY * NEWARK 40, DEL. 
In Canada, 46 Hollinger Road, Toronto 16, Ont 


Moisture-resistant and low cost Dilecto cams Dimensionoally stabie, light weight, oil-resist Easily fabricated paper-base, punching 
for automatic washer and dryer controls. ant Dilecto bali bearing retainer rings. grade Dilecto precision switch insulators. 
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2110 McCARTER HIGHWAY, NEWARK 4, N. J 





Please rush color chips & complete data on new METALACE. 


2133 McCarter Highway, Newark 4, N. J. 


Maas & Waldstein Co. 
Title (or occupation 


Compeny—__ 


bi 
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Catalogs and Bulletins... .....continued 


OLYPENC 0 MC NYLON | coerce: 
—an economic breakthrough — 
in nylon production 











New processing techniques drop nylon 
tubular bar prices as much as 50% 


ROD AND SLAB 


Rod up to 17” in diameter, 
and slab from | to 5 inches 
thick in sections of 2 ft. x 3 ft 
are available on special re- 
quest. Other symmetrical 
shapes—produced with new 
economy—and in larger sizes 
than heretofore produced 
are under development. 


New design opportunities are open to manufacturers 
and users of large bronze and babbit bearings. 
POLYPENCO MC Nylon 901, a specially formulated 
bearing compound, is available in tubular bars at prices 
below those of quality bronze bushings. 

Polymer’s new MC Nylon has improved wear charac- 
teristics and greater resistance to deformation under 
load . proven by field tests. 

TUBULAR BAR STOCK SIZES 

MC Nylon tubular bars, the first standard availability 
in MC Nylon, are made in outside diameters ranging 
from 2” to 15”. Wall thicknesses of ¥%’’, 4"’, 34” and 
1’ are standard with wall thicknesses up to 2’’ made to 
order. Standard lengths up to 13”. Supplied in 
POLYPENCO blue. 


Call or write today for full information 


POLYPENCO’ 


The Polymer Corporation of Penna. os 


Reading, Pa. 


Export: Polypenco, Inc., Reading, Penna., U.S.A 
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and recommendations for applications of 
various grades. Plastics Div, Farley & Loet 
scher Mfg Co, 7th & White, Dubuque, 


lowa 


(C-79) Molding Compounds—Catalog, 60 
pp. Gives uses and properties of high im- 
pact phenolic, melamine and epoxy com- 
pounds. Also lists properties of molded 
products. Includes data on available pre 
forms. The Fiberite Corp, 510-525 W 
Fourth St, Winona, Minn 


(C-80) Diallyl Phthalate Resin—Brochure 
12 pp. Presents data on properties, uses 
and advantages for molding, laminates and 
other applications. Chemicals & Plastic 
Div, Food Machinery & Chemical Corp 
161 E 42 St, NYC 17. 


(C-81) Mica—Data sheets, 6 pp. Provide 
mica properties, specifications for sheets 
and stamped washers. Ford Radio & Mica 
Corp, 536-540 63 St, Brooklyn 20. 


(C-82) Epoxy—Catalog, 38 pp. Explains 
haracteristics, how to use epoxy adhesives, 
oating, sealants, plastic alloys. H B Fuller 
Co, 255 Eagle St, St Paul, Minn 


(C-83) Laminated Plastic—Catalog, 16 py 
Gives materials, characteristics of sheet 
tubes, rods. Includes copper clad lamin 
ates. General Electric Co, Laminated 
Products Dept, Coshocton, Ohio 


(C-84) Plastics, Chemical Materials—Cata 
log, 12 pp. Presents tables and graphs of 
chemical, physical, thermal and electrical 
properties of polycarbonate resins, phe 
nolic resins, varnishes, molding powders, 
fused magnesium oxide. Chemical Mat« 
rials Dept, General Electric Co, 1 Plastics 
Ave, Pittsfield, Mass. 


(C-85) Silicones—Brochure, 8 pp. Ds 
scribes anti-foam agents through paint 
ind rubber. General Electric Co, Sili 


one Products Dept, Waterford, N. Y 


(C-86) Liquid Silicone Rubber—Brochure 
11 pp. Gives properties and examples of 
some sealing, encapsulating and insulating 
uses. General Electric Co, Silicone Prod 
ucts Dept, Waterford, NY 


(C-87) Thermoplastic Sheet Brochure, 

| 10 pp. Furnishes samples, tables of prop- 
erties, discussion of forming methods. 
Bolta Products Div, The General Tire & 
Rubber Co, 70 Garden St, Lawrence, 
Mass 


(C-88) Rubber and  Plastics—Brochure, 
16 pp. Provides specifications for over 
50 rubber compounds. Outlines capabili 
ties for makirg extruded plastics and 
molded or extruded rubber. The General 
lire & Rubber Co, Industrial Products 
Div, 1218 Garfield St, Wabash, Ind. 


continued 
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Right away let’s make this point clear: you won’t find any magic formula here 
for expanding your plant physically at no cost. What you will find are facts 
about a material that can definitely help expand your plant’s productivity . . . 
and your product’s salability. 

That material is Masland Duran Clad, the new semi-rigid vinyl for laminating 
to metal sheets or coils according to your specifications . . . the built-in finish 
that obsoletes dipping, spraying, brushing, coating and similar finishing methods 
. . . the vinyl-to-metal laminate that can even do away with the need for having 
a finishing department. 

Think what this can mean in terms of expanded productivity. Space now devoted 
to finishing operations can be used to expand your production area. Money 
currently spent in equipment, maintenance and finishing supplies can be chan- 
neled to more productive use. Costs of rejects, and the insurance costs of han- 
dling explosive materials can be eliminated, too, since Clad enables you to 
work with prefinished parts. 

Consider, too, what Clad can mean in greater sales potential for your product. 
This durable, decorative vinyl can be produced in easy-to-clean colors... and 
in plain, textured or embossed designs. And here’s the beauty of Clad from a 
production standpoint: It can be cut, crimped, drilled and even deep-drawn, 
without affecting color or design . . . without distorting the material itself .. . 
and without the need for any special processing equipment or methods. 
Truly, Masland Duran Clad merits your most serious consideration right now 
.. . for, make no mistake about this: vinyl-to-metal laminates are here to stay 
and grow. With production soaring from one million square feet to 18 million 
in just three years .. . and from 115 to 150 million square feet estimated for 
1960 . . . they are obviously lowering finishing costs and increasing design 
flexibility in a big way. 

To safeguard and improve your competitive position, you will find it well worth- 
while to mail this coupon for more information on Masland Duran Clad .. . 
and the laminators serving your area. 


Industrial Products Division 
THE MASLAND DURALEATHER COMPANY, Dept. PE, Philadelphia 34, Pa. 




















THE MASLAND DURALEATHER CO., Dept. PE 
Amber & Willard Sts., Philadelphia 34, Pa 


Please send information and samples of Clad 


Name__ Title 


Company 





vinyl finish 


PRODUCT ENGINEERING — Mid-September, 1960 CIRCLE 149 ON READER SERVICE CARD 


How to expand without added expenditure 
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ideas on “Customeered “ 


RUBBER PARTS 


“Customeered” 
components 
basic to industry 


... their design and application for improved product performance No 2 





8 -ft. rubber-metal ‘sandwich resists chewing 
by weather, oil and millions of vehicles 





Bonded-rubber component 
assures higher accuracy, 
longer operating life of 


vehicle detector contact unit 





Pressure-sensitive detectors installed 
flush with roadway surfaces are vital fac- 
tors in today’s ever expanding vehicular 
world—are used for traffic control, toll 
collection, automatic door opening, etc. 

A contact unit produced from 
molded-rubber bonded to heavy-gauge 
and thin-gauge metal strips serves as 


an actuator in the detectors. The pres- 
sure of a vehicle passing over the con- 
tact unit mounted on a steel frame 
below the surface of the road puts the 
detector to work—initiates a count or 
any specific action the detector is 
designed to perform. 

The requirements for the sandwich- 
like bonded-rubber component com- 
prising the contact unit: A completely 
waterproof and airtight air space within 
the full length of the one-foot wide 
units produced in varying lengths of 
four, six, eight and ten feet; resistance 
to the harmful effects of constant ex- 
posure to weather, sunlight, salt, oil and 
tire chains; an operating life involving 
a minimum of many millions of cross- 
ings by all types of vehicles. 


PHOTO COURTESY AUTOMATIC SIGNAL DIVISION, EASTERN INDUSTRIES. INC 


The resulting design involved an 
exceptionally difficult molding and 
bonding job. Included were combina- 
tions of hard and soft rubbers. Careful 
attention had to be paid to many impor- 
tant and minute details of production 
and intricate design not only to meet 
the customer’s stringent requirements 
for longer operating life but also to 
make good on rigid PSI specifications. 

Ohio Rubber’s wide and varied ex- 
perience in “customeering’’* to unusual 
specifications, as well as its broad, up- 
to-the-minute manufacturing facilities, 
were both equal to the challenge— 
successfully met all the requirements 
The bonded, molded-rubber contact 
units are in regular production at 
Ohio Rubber 
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Sewer-Pipe Seal — Precision extrusion of 
high specification rubber by Orco provides 
an effective new approach for obtaining 
sealed or “premium joints” in sewage dis- 
posal lines—prevents surface water infiltra- 
tion to reduce treatment costs. Available in 
a wide range of popular sizes, plus close 
tolerances, for concrete as well as clay pipe. 
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Orthane Valve Seat — Durable as the 
hardest steel yet resilient enough for seal- 
ing, this valve seat of molded polyurethane 
by Orco is used in specialized oil field 
operations where it must successfully with- 
stand the highly abrasive impact of raw 
crude oil mixed with gravel at pressures 
which often go as high as 20,000 PSI. 


MOLDED-RUBBER TUBE STORES 
AND PUMPS CLEANING FLUIDS 


A most important part in the new Swirl- 
away Cleaner for walls, upholstery, 
woodwork, etc. is a molded-rubber tube 
which serves both as a secondary stor- 
age tank and vacuum pump for cleaning 
fluid. Unusual in shape and require- 
ments the tube involved a complicated 
mold, close tolerances, and a control 
rate stock with particularly high resist- 
ance to harsh chemicals normally found 
in detergents. Problems on the design 
and production of this intricate rubber 
component were successfully worked 
out by engineers at Ohio Rubber where 
the part is now produced. 


RUBBER-METAL PUMP IS KEY 
TO NEW DISHWASHER FEATURE 


A vital component in a dual action 
pump which makes possible a “flush- 
away drain” feature in the dishwashers 
of a leading manufacturer, is a rubber- 
metal housing. Since rubber was re- 
quired at several points for sealing and 
vibration absorption, the manufacturer 
asked Ohio Rubber engineers for help 
in designing and producing a pump 
housing of molded rubber bonded to 
a carbon-steel frame or insert. The 
material in the housing, which is in reg- 
ular production at Ohio Rubber, also 
fully protects the frame from corrosive 
effects of both water and detergents. 


THERE ARE MANY MORE EXAMPLES 


of how Ohio Rubber’’Customeered’’* 
components are helping to improve 
product performance for outstand- 
ing original equipment manufac- 
turers in every industry. For more 
information on Ohio Rubber “Cus- 
tomeering’”’*— molding, extruding, 
bonding-to-metal — with rubber, 
synthetic rubber, silicone rubber, 
polyurethane and flexible vinyl, 
write today to The Ohio Rubber 
Company, Willoughby, Ohio. wm 


* Trademarks of The Ohio Rubber Company 


Quio RUBBER 


COMPANY 


Willoughby, Ohio 


A DIVISION OF THE 
EAGLE PICHER ’ 


COMPANY 
PICHER 
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a ‘¢ Next time 
vy & your part needs 
special protection 
look to 


treated felts 


ito Swe bibres combine natuhe’s beat 
with tho Saboraterys latest... 








They repel water, stop rust, reduce friction, resist 
abrasion, stand 300° F. heat or —65° F. cold. 
Hard or soft, their wondrous interlocking fibers 
go on flexing, filtering, wicking or wiping long 
after other materials break down. 


For big products and small, Western Felt has 
specialists in coated and impregnated 
felts ready to assist you. 


Write for our free sample brochure 
of Treated Felts. 


WESTERN 


Dept. M a 
4021-4139 Ogden Ave. 
Chicago 23 


Branches in Principal Cities 


MANUFACTURERS AND CUTTERS OF WOOL FELTS AND SYNTHETIC RUBBER 
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Naugatuck KRALASTIC 


The Original ABS Resin 


Coffee pot monufactured by W. & S. Blackinton Co., Meriden, Conn. Molded handie by Rogers Mfg. Co., Rockfall, Conn. 


THE HANDLE IS TOUGH...THE HANDLE IS STABLE 
The handle is KRALASTIC, of course 


Toughness, strength, and dimensional stability are rapidly 
making KRALASTIC”™ an “industrial household” word as this 
original ABS resin continues to replace metals and other 
plastics for the most demanding applications. 

These same properties, combined with a rich, lustrous 
appearance, low heat conductivity, and other desirable 
characteristics have proved just as valuable to the manu- 
facturers of consumer products. As the “perfect’’ coffee pot 
handle, for example, KRALASTIC can never chip or break, 
will always feel comfortable to the hand. Its ease of form- 
ing by injection molding and strength in thin sections make 


possible unusually graceful design. 

Lightweight KRALASTIC offers built-in color that sells. It 
can be sawed, drilled, threaded, or otherwise machined, 
although in most cases it completely eliminates the need 
for these expensive finishing operations. Where required, 
KRALASTIC is quickly and easily solvent welded. 

Would you like to compare KRALASTIC in detail with the 
material you are presently using? The quickest way is to 
have your NAUGATUCK Representative call at your con- 
venience. Or write us for full information and samples if 
desired. 


930K ELM STREET 


Naugatuck Chemical Division jaycaroen Connecticut 


KRALASTIC RUBBER-RESINS @© MARVINOL VINYLS © VIBRIN POLYESTERS 


Akron - Boston - Chicago - Gastonia - Los Angeles - Memphis - New York - Philadelphia - CANADA: Naugatuck Chemicals - Elmira, Ont. - Cable: Rubexport, N.Y 
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If your design includes a 
coated fabric... choose 


from over 200 styles of 


REEVECOTE! 


The most complete source of coated fabrics for industry 


When your design calls for diaphragms, seals, gas- 
kets, vapor barriers... any of the hundreds of coated 
fabric applications...look to the most complete 
source in the field—the Reevecote line of industrial 
coated fabrics. 

With natural and synthetic rubber coatings, 
Reevecote is available in over 200 styles—also un- 
cured for molding. 

Whether it’s resistance to oil, acids, abrasion, 
high temperature... or flexibility at low tempera- 
tures... there’s a Reevecote fabric designed and 
engineered to do the job right. 

Continuous research and development enables 
Reeves to keep pace with all your needs for coated 
fabrics. And our rigid quality control guarantees 
that Reevecote fabrics will always meet established 
specifications. 


Make your choice now! Write for new Reevecote catalog today. 


REEVES VULCAN 


Reeves Brothers, inc., Vulcan Rubber Products Division 
1071 Avenue of the Americas » New York 18, New York | 
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A PIONEERING NAME IN 
PLASTIC MOLDING AND EXTRUSION 


Abcut 15 years ago, DANCO produced the first successful Nylon 
parts sold commercially in America. Over the years, other “tough” 
problems in molding and extruding Nylon, Delrin and other 
engineering plastics have naturally come to DANCO. Experi- 
enced personnel, complete modern facilities, and unexcelled cus- 
tomer service are DANCO 

For guidance in designing and engineering in Nylon and other 
industrial plastics, contact DANCO first. 


| 
| 


Send for literature on DANCO molding and extrusion services. 


DANCO 


THE DANIELSON MANUFACTURING COMPARY banicison, CONN. 


A SUBSIDIARY OF NICHOLSON FILE COMPANY 
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OFS WEA Ue 


TRANSISTOR RADIO CABINETS, KNOBS, 
ESCUTCHEONS .. . Sinko molds ‘em all! 


And we’ve been molding them for some of America’s 
leading Radio, TV, and Appliance manufacturers for many 
years. We use the most advanced processes for molding 
and finishing your parts and products . . . assuring greater 
efficiency in production, and resultant lower costs to you. 





Try us on your next Plastic Molding job! 
WE MOLD ALL THERMOPLASTICS ... from 2 to 175 oz. 


i f in T ) ) 
MANUFACTURING. and TOOL CO 
Offices in Principal Cities Throughout the United States 
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catalogs and bulletins. continued 


(C-89) Plastic Channel—Brochure, 6 pp 
Presents full scale cross-sections and di 
mensions of glass reinforced polyester in 
sulating channel and angle. The Glastic 
Corp, 4321 Glenridge Rd, Cleveland 21. 


(C-90) Cellular Rubber—Bulletin, 28 pp 
Offers curves, tables and discussion cover 
ing properties of natural and synthetic ex 
panded rubber and cellular polyvinyl 
chloride. B F Goodrich Sponge Products 
Shelton, Conn 


(C-91) Polyethylene—Brochu 
| ot properties, di 


onsiderations and ] 


Ch 
NJ 


(C-92) Thermoplastics—Br 
Provid table of propert 


The Fost 
Ma 


(C-93) Thermoplastics—Br 
Presents tables f 
ind I 
Co, In 
Ma 
(C-94) Molded Acetal Resin 
Dyiecsee Liv ores 


the roughiv p 


(C-95) Glass Fiber Insulation—Br 


8 pp. Describes th 
ul ind characteristi 

In lud type 
ib] sustin-Bacon Mfg Cc 


Kansas City, Mo 


(C-96) Linings for Steel Containers 
Borchure, 36 pp. Describes method 
vl and XDOX\ 
npatibility with 
Interchemical C 

+ McWhorton St 


Industrial Black Enamels—B: 


pp. Explains u ind 


Wharton St New irk, NJ 


(C-98) Hand Lay-up Molding—Br 
Pr nts technical discussio1 
uring polyest 
ind cher sSOric Used al 
urfacing winds finishing Interchemical 
Corp, Finishes Div, 224 McWharton St 
Newark, NJ 


(C-99) Press Molding Resins—Brochur 
21 pp. Describes materials and procedures 
for making polyester resin premix com 
pounds. Interchemical Corp, Finishes Div, 


224 McWharton St, Newark, NJ 
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Product Engineering! Tooling! 
Precision Production! Moxness 
offers a complete ONE-STOP 
service for solving extreme 
temperature problems. Let us work 
with you at the planning stage. 
Write for the Moxness story today! 


PRECISION MOLDING 


Mass production of precision parts ranging 
from phase lead insulating caps of silicone 
rubber (shown at far left designed for room 

6 : temperature vulcanizing) to switch parts of 

LO 6 mineral-filled silicone resin (lower right 
(' 6 designed to retain dimensional stability at 
- temperatures of 2000° F.) calls for precision 
RUBBER PLASTICS production techniques gained only through 


ex perience 





, 


PRECISION BONDING 


Environment proof limit switches (like this 
one for airborne equipment) call for com 
pletely sealed construction. These seals 
shown in red) are silicone rubber bonded to 
metal by Moxness evidence of Moxness 
ability to handle the most exacting require 
ments in this specialized field 


PRECISION EXTRUDING \\ [/ 


Large, small, simple or complex here 7% 
are samples of the wide range of quality ' 
silicone rubber extrusions you can expect 

from Moxness. Special equipment and an 

exclusive process developed by Moxness 

also assures you of paying less for preci- 

sion extrusions when you order from 

Moxneas 


PRECISION TAPES 


The coil shown here is being insulated with 
NEW Guide Line Triangular MOX-TAPE 
which provides homogeneous void-free in- 
sulation for motors (class H and B) with a 
single wrap. Mox-Tape fuses to itself 
eliminates messy pastes or adhesives. Cuts 
taping time 50 to 60 


*DU PONT VITON, TEFLON; 


3M KEL-F 


Subs. Not’! Rivet and Mfg. Co. 


MOXNESS PRODUCTS, INC. 


1966 INDIANA STREET + RACINE. WISCONSIN 
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of 


custom molders 


FIBERGLASS 
reinforced polyester 


Your product, in whole or in part, 
may be ideally suited for adap- 
tion to an incredibly strong, amaz- 
ingly lightweight, beautifully tex- 
tured Lewis one piece molding. 

Let our experienced plastic en- 
gineering staff study your product, 
whether it be in existence, or still 
in blueprint form. 


Fiberglass reinforced plastics stimulate fresh, modern style appeal... 
and are exciting new sales potentials to a wide variety of consumer 
and industrial products. And no wonder, for the outstanding physical 
characteristics of this basic new material, plus its many profitable pro- 
duction advantages, create great interest and impact everywhere. Di- 
mensional stability... chemical resistance... tolerance to temperature 
extremes... rust-proof, rot-proof, corrosion-proof...and a limitless 
variety of lasting colors molded-in for life...all these benefits, and 
many more, are to be found with Lewis reinforced polyester moldings. 

More and more leading manufacturers are depending on Lewis for 
quality reinforced plastic moldings. Our trained engineers are ready 
to assist you in converting your product to this new material. 


GS B. LEWIS COMPANY 


DEPARTMENT PE WATERTOWN, WISCONSIN 
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AVAILABLE FROM 
STOCK MOLDS 


OR CUSTOM MOLDED 
TO YOUR OWN DESIGN 


156 


Shown above are just a few of the many Rogan 
knobs available from stock molds. No tool 
. _ 


\e \ charge. Fast delivery. Markings can be branded 


to fit your requirements. Special shaft holes at 


™ nominal cost. Send for details and free catalog. 
g, 


ROGAN BROTHERS 


8025 N. Monticello * Skokie, Illinois 


AMERICA'S FOREMOST MOLDERS AND BRANDERS OF PLASTIC KNOBS 
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Mya, 


ECONOMICAL PROTECTIVE 
COATINGS FOR BRASS 
ZINC, CADMIUM, COPPER 
ALUMINUM 


The Chemical Corporation 
offers a complete line of 
uniform-controlled chromate 
conversion coatings that pro- 
vide maximum protection in 
one, low-cost, simple opera- 
tion. Available for immediate 
delivery as liquid or powder. 


Always Specify Luster-on — 


FOR BRILLIANT CORROSION- 
RESISTANT FINISHES... 


rivaling chrome for many appli- 
cations where cost is a factor. 
Long-lasting, easily controlled 
application. 


FOR CLEAR, BRIGHT and 
IRIDESCENT COATINGS. 


gives striking, attractive appear- 
ance with complete corrosion- 
protection ...even when humidity 
and handling are involved during 
processing. Also yellow iridescent 
and olive drab for concealed parts 
or as a paint bond 


FOR DECORATIVE COLOR... 
on low-cost zinc. Brilliant golds, 
yellows, blues, greens, violets, 
reds, brass and copper hues. 


FOR ALUMINUM .. 
where surface hardness is not of 
prime importance. Excellent fin- 
ish for paint bonding. 


FOR LASTING BRIGHTNESS... 
on both copper and brass without 
noxious fuming. 


FOR DIE-CASTINGS... 
one quick dip provides uniform 
finish, ideal as a base for painting. 


We'd like to show you what 
Luster-on can offer you! Send in 
sample part today for free proc- 
essing. Data sheets on request. 





Luster-on ... the first and still 
the finest in conversion coatings. 


eg 


& 
Ghemic al 


Corporation 


78 Waltham Ave., Springfield 9, Mass 
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(C-100) Primer or Finish—Bulletin, 5 pp. 
Detail uses and properties of coating that I FR i<F Si. L = B 3 2 INT M Ca Lu ID EB ID 


adheres to nonferrous metals, plated sur- 


faces and plastics. Interchemical Corp, bal 
Finishes Div 224 McWharton St, | 
Newark, NJ | j 


(C-101) Plastic Molding Compounds— 

Brochure, 11 pp. Presents electrical physi- 

al and molding data on diallylphthalate es ill 
with various fillers. Used principally for 

electrical and electronic components. Mesa 

Plastics Co, 12270 Nebraska Ave, Los 

Angeles 25 


(C-102) Adhesives, Coatings and Sealers— 
Catalog, 16 pp. Presents a comprehensive 
urvey of characteristics, uses and proper 
ties with series of tables. Minnesota Min- 
ing & Mfg Co, Adhesives, Coatings & 
Sealers Div, 900 Bush Ave, St Paul 6, 
Minn 


(C-103) Lighted Plastic Parts—Brochure, 

pp. Shows facilities for making and 
examples of molded, lighted plastic dials, 
pointers, light guides and others. Monroe 
Industries, In 134 36 St SE, Grand 
Rapids, Mich 


(C-104) Plastics, Resins and Intermediates 

Brochure, 12 pp. Describes properties 
ind typical uses of many types. Monsanto 
Chemical Co, Plastics Div, Springfield, 
M iss 


(C-105) Carbon-graphite—Catalog, 12 pp. 
Presents compositions, properties and ex- 
amples of applications such as bearings, 
seals and steam gland rings. Morganite, 


Inc, 33102 48 Ave, L I City 1, NY 
(C-106) Structural Adhesives, Laminates— coordinated facilities for molding all types of 


Catalog, 6 pp. Presents properties, appli 


ations of adhesives, adhesive impregnated plastics under one roof saves time, cuts costs 


fabric, laminating material, putties, resins, 


] - 
aluminum and glass fiber sandwich core 
material. Narmco Materials Div, Narmco AICO is a veritable one-stop shop- ery. Regardless of molding material, 
Industries, Inc, 600 Victoria St, Costa ping spot for all your molded plastic ~ molding method required or quan 


Mesa, Cal needs. At AICO you will find skilled _ tities involved AICO is equipped 
(C-107) Electronics, Plastics and Ceramics technicians whose long and special- to do the entire iob. Under one roof. 
—Brochure, 10 pp. Presents tables of prop ized experience keeps each job “on at AICO, you will find completely 
erties and shows representative uses of schedule” every step of the way coordinated facilities to assure fast. 
compounds for castings, coatings, adhe- from design, through mold building, economical production of all you 
sives, laminates, encapsulents, impregnat- 


ing. Emerson & Cuming, Inc, Canton, 


Mass AMERICAN INSULATOR CORPORATION 


(C-108) Plastic Laminates—Brochure, 4 
perties of laminates with NEW FREEDOM, PENNSYLVANIA 


molding, final inspection and deliv- custom molded plastics 


»p Gives pro] 


glass fabric, paper, canvas or cotton base 
materials impregnated with epoxy or 
phenolic resins. Includes copper clad 


mination. New Enguad Laminates Co, aires mam 6FREE TO HELP YOU MAKE BETTER USE OF PLASTICS 


Inc, Box 43, Stamford, Conn Ce ; pees 


(C-109) Faced Plywood Brochure, 6 pp AICO’S COMPLETE , : \ a 
PLASTICS MOLDING <a ~ainai ae 
SERVICE INCLUDES Fi ’ 


Discusses mechanical properties of plastic 
or metal faced sandwich panels. US Ply- 
. cc wy NYC 3¢ * ENGINEERIN 
vood, 55 W 44 St, NYC 36 d sone ; oo ain var 

© PLUNGER DESIGNER'S HANDBOOK AICO PLASTICS APPLICATOR FACILITIES BOOKLET 


continued . Tells and illustrates how low Tells molding material best Tells how to select 
unit cost con be ochieved y rs c t equipped molder t 
through proper plastics tells how it st it olded ot shows how t 
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sunset 


INDUSTRIAL TWINES & CORDS 


eNylon e Dacron e Linen 


¢ Monofilament e Polyethylene 


Sunset’s broad range of types, weights and finishes now 
are available to manufacturers nationally. For your next 
requirement of any type twine or cord application, write 
Sunset’s Industrial Division, 3 Wilson St., Petaluma, Cali- 
fornia. Catalog and specification data are available. 


Sunset Line & Twine Co. 


MANUFACTURERS FOR MORE THAN A QUARTER CENTURY 
PETALUMA, CALIFORNIA * FLORENCE, ALABAMA 
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flexiblell Beg 


g 
PLASTIC EXTRUSIONS 


CRANE engineers solve intricate design problems and 
cut costs on precision extrusions — rigid or flexible — 
in a wide range of thermoplastics. CRANE in-plant 
material compounding and tooling save time and money 
Write for brochure showing how CRANE plastic extru 
sions — custom-made or from stock dies have been 
serving production manufacturers for fifteen years 


f~ 
CRANE PLASTICS, wc. 


Po 506 Hutton Place, Columbus 15, Ohio 


Find out how CRANE can help solve YOUR 
problems. Send prints or specifications. 
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| Vampen Veilion... Silence Noeggs id 
| SALES APPEAL 


ADD BEAUTY, COLOR, 


WA, 


Plastic 




















THE PRODUCT FINISH WITH 1000 USES 


Every day product designers, industrial finish and 
material engineers are finding new, profitable 
uses for Cellusuede Flock — industry's most versa- 
tile product coating. With these cotton, rayon or 
acetate fibers, you can add new beauty, color, 
and sales appeal to your product, provide a 
durable protective finish, silence noises, or dampen 
vibration. Best of all, the soft velvet-like Cellusuede 
finish is easy to apply to wood, metal, plastic, 
fabrics, leather, cardboard, or paper surfaces, 
either on a modified or production line basis. It's 
inexpensive, more durable than fabric, and readily 
available in a wide range of textures and 
beautiful colors. Investigate today the profit pos- 
sibility of using Cellusuede for your product. 


FREE BULLETIN—SAMPLES, TECHNICAL SERVICE> « 
Write for 12-page 7 
and application helt the ecific job Ce 
svede's technical ser e ond unexcelled facilities ore 


ovailable for producing somples to meet your need 


Nocy 


CELLUSUEDE PRODUCTS, INC. ™ 
Prpducers of Natural and Synthetic Flock 
525 N. MADISON STREET © ROCKFORD, ILL. 
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Are You Making Full Use 
of RUBBER PRODUCTS 
like These? 


Then Find Out About Our Specialty— 
VOLUME PRODUCTION OF... 
Rubber Boots, Accordion-type Seals 
Boots and Sleeves for M« Bellows, 


Grommet and Bulbs! 


Convoluted 
ichinery, 


5, Caps 


Write Today 
for FREE Brochure 


which will 


Tubing, 
Covers, Sacs, 


show you how others have solved 
design and prods 


Rubber Parts 


ction problems with Dipped 


Complete with Pictures and Prints! 


22016 Gratiot Ave., Box 328, East Detroit, Mich. 
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catalogs and bulletins continued 


(C-110) Injection Molding—Brochure, 12 
pp. Outlines scope of service for produc 
ing molded plastic parts. Nosco Plastics, 


Inc, Box 269, Erie, Pa. 


(C-111) Carbon-graphite—Brochure, 8 pp 
Presents mechanical and thermal proper 
ties of different grades. Suggests applica 
tions of the molded product such as valve 
seats, seals, piston rings. The Ohio Carbon 
Co, 12508 Berea Rd, Cleveland 11. 


(C-112) Foamed Plastic—Brochure, 16 pp 


Furnishes descriptions and graphs of 


physical and chemical properties for 
Nopco Chemical Co, 


N Arling 


urethane _ plastics 
Plastics Div, 175 Schuyler Ave, 
ton, NJ 


(C-113) Cast Polyethylene Film—Bulletin, 
12 pp. Describes film casting equipment, 
cast film properties, effects of process 
variables on properties, choice of resins 
US Industrial Chemicals Co, Div of Na 
tional Distillers & 
Park Ave, NYC 16 


Chemical Corp, 99 


(C-114) Friction Materials—Brochure, 48 
pp. Through curves and tables describes 
behavior of clutch facing and brake lin 
ing materials in molded, woven, sintered 
metal, metal ceramic Raybestos 
Manhattan, Inc, Equipment Sales Div, 
Box 1021, Bridgeport, Conn 


forms 


(C-115) Reinforced Plastic—Brochure, 12 
pp. Discusses properties of asbestos rein 
forced thermosetting plastics for laminat 
ing, molding and machining. Raybestos 
Manhattan, Equipment Sales Div, Box 


1021, Bridgeport, Conn 


(C-116) Teflon Rod, Sheet and Tube 
Brochure, 4 pp. Lists properties of ma 
terial and sizes available. Resistoflex Corp, 


Woodland Rd, Roseland, NJ 


(C-117) Laminated Plastics—Brochure, 8 
pp. Provides sizes, physical, electrical and 
special properties of laminated sheet, tube, 
rod. The Richardson Co, 2793 Lake St, 


Melrose Park, Ill 
(C-118) Nonmetals—Brochure, 4 pp. Pr 


sents chart of properties, uses, fabricating 
methods for plastic, rubber and cellulose 
materials for electrical insulation, gaskets 


ind seals. Rogers Corp, Rogers, Conn 


(C-119) Molded Plastic—Brochure, 4 pp 
Explains molding service and stock shapes 
available. Provides table of TFE fluoro 
arbon characteristics. Sparta Mfg Co, Div 
of US Ceramic Tile Co, Box 107, Dover, 
Ohio 


(C-120) Electronic Plastic Laminates—Bro 
chure, 4 pp. Charts properties of paper 
ind glass base phenolic and epoxy lam 
inates Also 
Spaulding Fibre Co, In 31K 
St, Tonawanda, NY 


laminates 
W hee ler 


copper clad 


continued 
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NONMETALLIC MATERIALS AND FINISHES 


DATA FILES 


on the 


complete 


Allied Research 
Finishing 


Line for Metal 


PROCESSES AND PRODUCTS FOR 
CORROSION PROTECTION, PAINT 
BASE, DECORATIVE FINISHING 


A complete line including IRIDITE 
Chromate Conversion Coatings for 
non-ferrous metals, IRILAC Clear 
Protective Coatings for all metals, 
ISOBRITE Chemically Different 
Plating Brighteners and ARP Process 
Chemicals. 


If one of our present products does not 
meet your needs, we'll be glad to work 
with you to find an answer to your 
problem. 


EQUIPMENT AND COMPLETE 
FINISHING SYSTEMS 


Includes information on WAGNER 
Silicon and Selenium Rectifiers, 
WAGNER Auto-Loaders for transfer 
of racks and parts from conveyors to 
plating machines or between conveyors, 
Automatic and Semi-Automatic Plat- 
ing Machines, Barrels, Tanks and 
other equipment. 


Also includes information on Process 
Engineering Service—complete plant 
design, specification and installation. 


CHEMICALS AND SUPPLIES 


Price and delivery information on a 
wide variety of plating room 
necessities, including ROLL-TOP Zinc 
anodes, FLAT-TOP copper anodes, 
ELECTROCOP Flat Copper anodes, 
Cadmium and Tin Anodes, Acid 
Replacements, Buffs, Chemicals, 
Cleaners and Maintenance Materials. 


NICKEL RECASTING SERVICE 


Ask about our Subscription Plan which 
combines your new nickel purchases 
with a service to recast your butts and 
spears, resulting in substantial savings. 


Allied Research 


WRITE DIRECT... 
for your copies of these 
FREE DATA FILES, or 
contact your Allied Field 
Engineer. He's listed in the 
yellow pages under 
“Plating Supplies”. 


Products, Inc. 


4004-06 EAST MONUMENT STREET » BALTIMORE 5, MARYLAND 
BRANCH PLANT, 400 MIDLAND AVENUE © DETROIT 3, MICHIGAN 


Weet Coost Licensee for Process Chemicals: |. HM. Butcher Co. 


Evrepeon Agent: Sture Gronberger, Storgetor |0 Stockholm, Sweden 
Chemical and Electrochemce! Processes, Anodes, Rectifiers, Equipment ond Supplies for Melo! Fimehag 


ere _ cp enol L WAGNER ] 
Chromotes Coatings Brighteners Supplies Equipment 
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NONMETALLIC MATERIALS AND FINISHES 


See 


D. M. STEWARD 


for all of your 


CERAMIC 
MAGNET 
PROBLEMS 


F-500 


ORIENTED 
BARIUM 
FERRITE 


F-300 


NON 


ORIENTED 
BARIUM 
FERRITE 


Steward’s low cost Barium Ferrite 
Permanent Magnets can be fabri- 
cated in a variety of shapes and 
sizes, for use in ali applications 
from electronics to toys and novel- 
ties. Steward also manufactures 
Lavite Steatites, a material having 
low losses at high frequency for 
trimmer bases, coil forms, stand 
offs, feed-throughs, etc. Parts may 
be extruded, pressed, or machined 

and may be furnished with special 
finishes. Another product is Lavite 
Ferrites, a ferric oxide material 
ideally suited for use in horizontal 
sweep fly-back transformers, toroidal 
coil forms, deflection yoke -cores, 
etc 


Representatives in Principal Cities 


For Descriptive Literature Write: 


“D. M. STEWARD 


160 


MANUFACTURING CO. 
3620 JERROME AVENUE 
CHATTANOOGA, TENN. 





catalogs and bulletins continued 


(C-121) Graphite—Brochure, 8 pp Tab- 
ulates data, illustrates some 
uses and points out design practice 


st Marys, Pa 


engineering 
Speer 
Carbon Co, $ 
(C-122) Carbon 


pp. Discusses the 


Graphite Catalog, 
material's properties as 
well as specific mechanical, chemi al, elec 
trical and refractory uses. Stackpole Car 
bon Co, Stackpole St, St Marys, Pa 


(C-123) Plastisols and Organosols—Bro 
chure, 6 pp. Desczibes 


compounds 


composition of 
Explains several methods of 


application such as slush molding, clip 
PI g 


coating, cavity molding, spraying, cloth 
coating. The Stanley Chemical Co, 75 


Berlin St, E Berlin, Conn 


(C-124) Rubber—Data 
properties of 


folder ( pp 
natural rubber, 
butyl, SBR and 
copolymers. Stillman Rubber 


Ave, Culver City, Cal 


Discusses 
silicone rubber, buna-n 
two other 


Co, 5813 Marilyn 
(C-125) Rubber 


molding, 


Products—Catalog, 11 


bonding, extrusion, 


pp. Shows 


calendering methods; vibration 


mount, 
diaphragm products and others. Stoner 


Rubber Co, Inc, 10792 Knott Ave, Ana 
heim, Cal 


(C-126) Laminated Plastics—Bull 


pp. Contains properties chart for 
inates plus discussion of characteri 
how to specify. Taylor Fibre ( 


town, Pa 


L 
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HAVE YOU -CHECKED WITH 
POLO PLASTICS? 


fat ‘ 


| (ms) 'P 0 LO ‘Plastics C0. 


12 Ww 
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new 
ORMICA’ 
service 


produces better molded parts 
Complete service includes 

design and application engineer- 

ing, versatile mold making, 

unlimited press capacity. You 

get better molded wetis parts 

for electrical, chemical or 
mechanical applications. 


free bulletin 909 


contains complete information. 
Write Formica Corp., a sub- 
sidiary of American C yanamid, 

4516M Spring Grove Ave., 
Cincinnati 32, Ohio. 








< VYANANE 1 
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Design Abstracts 


9 Heat-forming Techniques for Plastic Sheet 


by R. E. Kostur 
9 Typical Coil Designs for Induction Soldering and Brazing 


12 Ways to Work Titanium 
by J. M. Wentzell 


Matching the Burner to the Job is Key to Better Flame Hardening 
by B. G. Ward, Jr. 


Design Hints on Electroforming 


by Bruce Chandler Jones 
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' DESIGN ABSTRACTS 


ELECTRICAL- 
DISCHARGE 
MACHINING 


Electrical-discharge machining is a 
rewcomer in the science of 
Its effects on metal- 
not been completely rr 
Related to the metallurgical 
effects is a possible clarification of th« 


relative 
metal removal 
lurgy have 
solved 


underlying principles of its basic mech- 
Little in- 
formation has been reported on the 
effects of an electrical-discharge-ma 
chined surface on the mechanical and 


anism of metal removal. 


chemical properties of the workpiec« 
material Chere is a need for quick 
ind inexpensive electrodes. This paper 
presents the research and development 
work that has been conducted at the 
Grumman Aircraft Engineering Cor- 
poration in an attempt to resolve some 
of these problems 

“Recent Developments in the Theory and Appli 
cation of Electrical-discharging Machining,” 
George G. Bott, Grumman Aircraft Engineering 
Corporation. ASTE Technical Paper Number 
220, American Society of Tool Engineers, 10700 
Puritan Ave, Detroit 38, Michigan. 


* 


Machining Glass-plastics 

Practical production methods for 
glass-plastics laminates are described 
and assessed for their utility 
“Techniques for Machining Glass-plastics Lami 
notes,” E. C. Graesser, National Vulcanized 
Fibre Co, Wilmington, Del. Plastics Technology 
November, 1959, 630 Third Ave, New York 17, 
New York 


* 


Extruding Polyethylene 

he utilization of high density poly- 
ethylene profiles and tubing has just 
begun to be exploited in areas where 
stiffness, toughness, abrasion resistance 
and chemical inertness properties ar 
required. Advantages are also gained 
in reduction of material costs per foot 
of extension due to the lower price per 
pound of high density polyethylenc 
resin vs nylon or butyrate resins. A 
cost savings is also available with high 
density polyethylene vs. rigid polyvinyl 
An approximate 12% in- 
crease in yield of extruded product is 


chloride. 


162 


obtainable due to the lower density of 


linear polyethylene compared with 


polyvinyl chloride. Covered, are dic 
design, extrusion conditions, and post 
handling 


“The Extrusion of High Density Polyethylene 
Tubing and Profiles,” D. J. Schmidt, W. R 
Grace & Co. SPE Journal, May 1960, 65 
Prospect St, Stamford, Conn. 


* 


Applying Ultrason 
During Casting 

Experiments are described in which 
grain refinements was achieved in large 
cast structures by ultrasonic vibration 
during solidification 


“Uses of Ultrasonics on Grain Growth During 
Casting,” D. H. Lane, Westinghouse Materials 
Laboratories, Pittsburgh. 


* 


Design of Forgings 

Presents the basic principles of 
forging and shows how the designer 
can apply them most satisfactorily. A 
table of drop-forging thickness, surface 
ind offset tolerances is included along 
with 8 _ illustrated 


principles 


examples _ of 


“Design Principles of Forging,” R. C. Jenes, 
Head Wrightson Stampings Ltd., Engineering 
Materials and Design, March ‘60, Drury House, 
Russell St, London, WC 2, England 


* 


Barrel Finishing 

The article discusses the two pri- 
mary types of deburring compounds 
those with and those without abrasive 
grains. It discusses the effects of par- 
ticle size and how the particles are 
reduced in size during the barrel fin- 


ishing. 


of size and toughness of the grains, 


Also discussed are uniformity 


ind relative advantages and disadvan- 
tages of various types of grain. 
Actually, there is no “‘ideal’’ com- 
pound since there is such a wide va- 
riety of problems encountered in bar- 
rel finishing. 
considered as a “‘tool” and not som« 


A compound should be 


miraculous thing that somehow knows 
what results are wanted and automati- 
cally produces the desired end result. 


lhere are numerous compounds avail- 
able for deburring from a number of 
supply houses specializing in material 
for barrel finishing. 

“Abrasive Compounds in Barrell Finishing,” 
Arthur S. Kohler, Frederick Gumm Chemicol 


Co, Kearney, NJ, Plating, Jon ‘60, 445 Brood 
St, Newark 2, NJ. 


* 


High-speed Machining 

Missiles and high-performance air- 
craft require alloys to withstand high 
temperatures while retaining high 
strength for structural integrity. But 
these alloys are difficult to machine by 
conventional methods. This paper re- 
views a method that removes metal 
with an ultra high-speed machining 
projectile 
“Recent Developments in Ultra High-speed Mo- 
chining,” Robert L. Vaughn, Lockheed Aircraft 
Corp, and Robert T. Krueck, Wright-Patterson 
Air Force Base. ASTME technical paper, Ameri- 
con Society of Tool and Manufacturing Engi- 
neers, 10700 Puritan Ave, Detroit 38, Michigan. 


* 
The Modern Arc Torch 


In late 1955, the modern plasma jet 
was introduced to industry for the 
cutting of aluminum; since then, this 
country has had a boom in plasma jets. 
Because of plasma jets, the clectric 
irc has now gained a scientific status 
unparalleled in its 150-vear history. 
With reference to the term 


jct”’—any high-current arc is comprised 


plasm 1 


of plasma which is nothing more than 
When this 


plasma gas is jetted through a nozzle, 


ionized, conducting gas 
it becomes a “plasma jet 


“The Principles of the Modern Arc Torch,” 
R. M. Gage, Linde Co, Welding Journal, Octo- 
ber 1959, 33 W 39 St, New York 18 


* 


Explosive Forming 

While this process presents certain 
problems, such as the dangers involved 
in explosives handling, the selection of 
a safe blasting area, and the danger of 
failure of the forming die through the 
use of too large an explosive charge, 
it also has many advantages. ‘The en- 
ergy available for forming is almost 
unlimited; all we need do to get more 
energy is to use more explosives 

he size of the parts which can be 
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shaped is limited only by the avail- 
ablity of sufficiently large blanks of 
materials, as no mechanical presses 
are required. The pressures which can 
be produced by far exceed those which 
could be generated by anv conceivable 
mechanical forming press. In addition 
to these advantages, there are some 
not quite so obvious, which may be 
of equal or even greater importance. 
“Recent Developments in Explosive Forming at 
Grumman Aircraft,” Arthur Wickesser, Jr., 
Grummon Aircraft Engineering Corp. ASTE 
Technical Paper number 229, American Society 
of Tool Engineers, 10700 Puritan Ave, Detroit 
38, Michigan. 


* 


Design of Forgings 

Forging is a technique that can pro- 
duce high strength and other special 
characteristics in a component. This 
article presents the basic principles of 
forging and shows how the designer 
can apply them most satisfactorily. A 
table of drop forging thickness, surface 
and offset tolerances is included along 
with § illustarted examples of prin- 
ciples 
“Design Principles of Forgings,” R. C. Jones, 
Head Wrightson Stampings Ltd. Engineering 


Materials and Design, March 1960, Drury 
House, Russell St, London, W.C. 2, England. 


~ 


Determining Weld Size 

Various tvpes of welds are discussed 
as well as the kinds of loads frequently 
Standard formu- 
las to find force exerted on a weld are 


imposed on them. 


included, as well as a planned proce- 
dure for applying to specific design 
problems. Curves, tables and nomo- 
grams are included 

“Practical Approach to Determine Weld Size,” 
O. W. Blodgett, Lincoln Electric Co. Welding 
Journal, Aug 1959, 33 W 39 St, New York 18. 


* 


High-speed Machining 

Missiles and high-performance air- 
craft require alloys to withstand high 
temperatures while retaining high 
strength for structural integrity. But 
these allovs are difficult to machine by 


conventional methods. This paper 
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reviews a method that removes metal 
with an ultrahigh-speed machining 
projectile. 

“Recent Developments in  Ultrahigh-speed 
Machining,” Robert L. Vaughn, Lockheed Air 
craft Corp, and Robert T. Krueck, Wright- 
Patterson Air Force Base. ASTME technical 
paper, American Society of Tool and Manu- 
facturing Engineers, 10700 Puritan Ave., 
Detroit 38. 


* 


Vacuum Metallizing Plastics 
The equipment, the process and 

vacuum metallized finshes 

for plastics are described. Special con- 


various 


siderations applying to various types 
of plastics are also briefiy discussed 


"Vacuum Metollizing as Related to Plastics,” 
T. J. LaBounty, Midwest Technical Services, SPE 
paper 13-1. Society of Plastics Engineers Inc, 
65 Prospect St, Stamford, Conn. 


* 


Continuous Blow-forming 
of Extruded Tubing 

Polyethylene tubing is extruded up 
and through pinch rolls and guide 
plates which control inflation to pro- 
duce variations in diameter up to 10 
times that of uninflated tub« 
blown shapes are illustrated, as well as 


Typical 
takeoff and forming mechanism. Prin- 
ciples and limitations are discussed 

“Continuous Blow-forming of Extruded Tubing,” 
T Kasahara, Polymer Industrial Co, Ltd, Tokyo, 


Japan. Modern Plastics, Aug 1959, 575 Madi- 
son Ave, New York 22. 


+ 
Chemically Milled Parts 


This paper describes the chemical 
milling briefly, and in more detail out- 
lines the primary applications, design, 
information, and standard practices 
“Design Consideration of Chemically Milled 
Parts,” by L. Chandler, Plent S«per'ntendent, 
Anadite, Inc. Presented at the Nineteenth Na 
tional Conference of the S.A.W.E., May 17, 
1960. Society of Aeronautical Weight Engi- 
neers, Inc, c/o Douglas Aircraft Co, El Se- 
gundo, California. 


* 


Machining With Ceramic Tools 

One of the chief advantages of 
ceramic cutting tools is that machin- 
ing time can be reduced because of 
higher cutting speeds attainable. Test 
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results compare the performance of 
ceramic tools and carbide tools when 
machining cast iron 

“Machining Cast Iron With Ceramic Tools,’ 
J. L. Remmerswaal, Metal Research Institute 
T.N.O., Delft, The Netherlands. The Tool Engi 
neer, Februory 1960, 10700 Puritan Avenve, 
Detroit 38, Michigan. 


* 


Color—Paint or Mold-in? 


Economics and relation quality of 
finishes for coloring molded plastics 
integrally vs painting in a separate 
process are discussed Included are 
basic calculations and tables giving 
comparative costs for general-purpos¢ 


polvstvrene. 


“Painting vs Molding in Color,” T. E. Hayden 
Bee Chemical Co; SPE Journal, Jan ‘60, 65 
Prospect St, Stamford, Conn. 


* 


Shop Noise 


Measurement and description 


shop noise, acceptable sound levels 
main noise sources in equipment and 
small plants and corrective action art 
discussed. Includes bibliography of re- 


lated articles 
“Keeping Shop Noise from Nearby Residences,” 
H. C. Hardy, Howard C. Hardy Associates 


Available without charge from Small Business 
Administration, Washington 25, D. C. 


* 


Evaluating Results of 
Accelerated Tests 


Mathematical criteria are developed 


that indicate the conditions under 
which reliability data obtained from 
iccelerated tests can be used to pr 


In addi 


tion, a simple model-prototyp« rela 


dict reliability in normal use 


tion is developed that is suitable for 
application to acceler ited test pro 
grams when environmental stresses are 


negligible 


“Accelerated Testing as a Problem of Model- 
ing.” Gary and Thomas Bottelle Memorial 
Institvte. Presented at Sirth National Sym 
posium on Reliability and Quality Control! in 
Electronics, Jan 11-13, 1960. Battelle Memorial 
Institute, Columbus 1, Ohio. 
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From: SPE paper 


S HEAT-FORMING TECHNIQUES 
for Plastic Sheet 


Vacuum and drape forming are basic methods. These, along with refinements 


such as plug assist, vacuum snap-back, billow forming and others 


that speed results are here surveyed. 


R. E. KOSTUR 
Vice President 
Comet Industries 


Fs moving developments in materials for thermo shect 
forming and the continuous refinement of equipment for 
it, tend to obscure a basic problem in the field. Because 
of confusion and misunderstanding of the forming tech- 
niques, it is becoming more difficult to obtain satisfactory 
and economical thermo-formed parts 

Che introduction of new materials for the industry has 
brought about new forming techniques in order to fabri- 
cate successfully and economically. These techniques uti- 
lize predrawing or redrawing of the plastic during the 
forming operation; basically the name of compound form- 
ing was given to deep drawing of metal parts in the metal 
When drawing metal, a series of dies 
Chese shapes 


stamping industry 
are used to produce preshapes from metal. 
ire then annealed and redrawn until the metal has 
stretched to its required depth 

Fortunately with the drawing of plastic sheets, a series 
of draw operations are not required as in the metal in- 
dustry Nevertheless, in deep drawing of plastic sheet 
predraws are also required in order to control wall thick- 
ness, reduce blank size and reduce orientation of the fabri- 
cated part 

In the following diagrams these various operations for 
the convenience of discussion are laid out one by one, 
but spreading them out in this way is an artificial approach 
because they are so interrelated, they should be considered 


together. 


1.. VACUUM FORMING 
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In the following methods, it is assumed that the plastic 
has been evenly heated and its method of ejection from 
the mold will be by air pressure and mechanical means. 


VACUUM FORMING INTO A CAVITY 

he heated sheet is draped over the mold cavity, Fig. 1, 
sealing off the mold edge B. With the application of 
vacuum from the under side of the sheet, the plastic is 
drawn into a mold cavity A. The surface area over the 
mold cavity contains a given number of square inches of 
material which will be stretched to occupy the number 
of square inches in the mold cavity for the required thick- 


ness 


Draw Ratio 
Ihe ratio between these two products represents the 
draw ratio. The draw ratio may be calculated by this same 


method in other forming techniques 


DRAPE FORMING 

Drape forming, Fig. 2, offers better material distribution 
as compared to cavity forming. A larger surface area of 
plastic is available for distribution over the mold, con- 
sequently the draw ratio is also reduced. By draping the 
plastic over the male mold, it is stretched into a preshape, 
resulting in additional material for mold coverage Phe 
thickness of the material is reduced, however wall thickness 


is more uniform. 


2... DRAPE FORMING 
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4..PLUG ASSIST 


3. . INVERTED DRAPE FORMING 


INVERTED DRAPE FORMING 


Inverted drape forming, Fig. 3, is widely used on parts 
that require plug assists. This method eliminates the 
plug mark-off or surface defects due to plug contact. As 
seen, the plastic sheet is slightly overheated, resulting in 
a large sagging condition of the sheet. This preshape 
reduces the draw ratio allowing sufficient material to 


The mold cavity is draped against the sheet, sealing off at the mold 
periphery and clamping frame 


Mole assist plug 


fill the corners and cavities of the mold 


PLUG ASSIST 


Plug assist forming, Fig. 4, is a combination of a cavity 
and drape forming It prevents excessive thinning of 
material when formed into deep mold cavities. A heated 
plug 120 to 180F is used to position the material into 
the mold. Distribution of the material is dependent upon 
the distance that the plug enters the mold. ‘Too deep a 
plug stroke results in unstretched material at the bottom 
of the form and thin side walls. If the plug stroke is not 
As the plug descends pushing the material into the cavity, 
deep enough, a paper thin bottom will result as well as alu ceased: te Geena ieee tin ahah cabes 
thin corners. By controlling the plug stroke, material dis 
tribution is also controlled. Clearance between plug and 
mold is not critical, usually one-fifth the depth of draw 
is sufficient. Plug assist forming does require some cau 
tion in that plug mark-off is sometimes difficult to elim 
inate. Onientation of the side walls is also evident when 


plugging the plastic into deep molds 


VACUUM SNAP BACK 


The reduction in blank size which is offered bv this 


process, Fig. 5, as well as control and uniformity of mate 
When the plug has reached 


rial distribution has made it one of the most popular tech : 
! through the mold, pulling 


niques in us¢ today 1 ng it against the mold ca 


S. VACUUM SNAP-BACK 





g Vocuum 
+ — 


Male mold 


The predraw box is draped against the vacuum box, sealing off on the box. Vacuum ncrease the pressure on the surface of the 
plastic sheet Vacuum then sucks the pre is then reversed from the predraw side to sheet and to release the vacuum lock 

draw to the proper depth When reaching the mold. As vacuum shapes the plasti« vacuum box is then lowered, exposing tl 
the desired depth, the male mold enters the over the mold, air pressure is introduced to fabricated part to the cooling fans 
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6. BILLOW FORMING 


The mold is “draped” against the sheet. Air speed of 15 
is automatically introduced into the mold surge of a I 
through the vacuum holes, pressurizing the billow up, thus 
mold to a regulated setting of air pressure mold, never 


As the plug enters the mold at a constant pressure 


7. .BLOW-UP VACUUM REVERSE 





against 


the 


sheet 


Air 


is 


introduced 





Pressure 
gouge 


Pad 
; ‘Reiter valve 


Bleed 


second, the sudden alve which is attached to each mold cavity 


tice to th end « the plug stroke acuum 
o the lly applied, fabricating the plas- 
ontour of the mold The plug i 


emoved to speed the cooling cycle 





Mole mold, 








The predraw box is draped 


fi hlowing of the bubble. 


As the mold plunges into the air formed plastic bubble, the air 
upply is stopped. The plastic reverses its draw which is sup- 
ported by the pressure controlled exhausting air. The exhausted 
air is controlled by a pressure regulated valve in order to allow 
sufficient air pressure to remain in the bubble for additional 
stretching of the plastic, 
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If thin side walls and a heavy 


bottom are desired 


the mold may be 


ised to prevent 


the materi 


al from thinning on 


the section 


repre- 


senting 


the bottom of the 


formed 


part. 


As the mold seals off on the top of the predraw box, vacuum is 
applied through the mold. The predraw box is then removed, 
exposing the plastic to the cooling fans. It is important to know 
the blank size and draw ratio for blow-up vacuum reverse. Clears 
ance between mold cavity and clamp frame is usually gaged as 
2% of the width of the part. 
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8. BLOW-UP VACUUM REVERSE INTO CAVITY 


Uniformity of material distribution is accomplished by 
the predrawing of plastic into an open end box by use 
of vacuum, resulting in the predraw Ihe depth of pre- 
draw affects material distribution of the side walls and 
bottom thickness 

Inverted snap back is accomplished by mounting the 
predraw box on top and allowing the heated sheet to sag 


before drawing it up into the predraw Chis technique is 


useful when working with materials that sag 


BILLOW FORMING 


ippreciably. 


In the process of billow forming, Fig the prestretch- 
ing of the plastic is achieved by a pressure regulator col- 
umn of air resulting from the entrance of a heated plug 


into a pressurized female mold 
Cushion Forming 


By blowing air through the punch and through the 
mold, Fig. 6C, 
two sides.. This is commonly called cushion forming 


BLOW-UP VACUUM REVERSE 


1 cushion of air supports the plastic from 


This technique exaggerates the use of predraws by 
blowing up of a plastic bubble, Fig The height is 


usually 50 to 75 of the mold depth 


How to determine blank size and draw ratio for blow up 
vacuum reverse. 


The blown bubble prestretches the plastic to uniform 
thickness, or the thickness of the material of the height 
of the bubble is equal to the thickness of the bottom of 
the finished part. Clearance between mold cavity and 
clamp frame is usually gaged as 12% of the width of the 
part. 

Width of the part is 23 in. x 12° 

Usually 3 in. is required for clamping and mold clear- 


2 to 7 in 
ance. 
Formed part 48 in. x 23 in. x 20 in. deep. 


Blank size is 55 in. x 30 in 
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Vocuum 








9. .MALE-ASSIST PRESSURE FORMING 


Blank thickness is figured “area equivalent’”’ in 
the area to be covered. Expect to get 100 
area, and 50% of the surplus area 

Center area 48 x 23 1104 sq in 


Surplus area (53.5 x 28.5)—1104/2 


“Area-equivelent” total 

Che finished part represents 3944 sq in 

rhe ratio of part to “area equivalent” of stock is 

3944:1525 or 2.5 ratio 

Che finished part requires a thickness of 0.090 
0.090 x 2.5 0.225 

The above part requires a blank 55 in. x 30 i 


thickness. 
BLOW-UP VACUUM REVERSE INTO CAVITY 


This process is relatively the same as the technique 
previously explained, except that the vacuum is applied 
from the bottom platen and the plug is heated to prevent 
mark-off, Fig. § 


MALE ASSIST PRESSURE FORMING 
Pressure forming, Fig. 9, is used to fabricate plastic at 


lower temperatures or to reproduce mold surface textures 


General 

The term “drape’’ is used throughout this article with 
relation to the vertical movement of the mold through 
or against the heated plastic sheet. The mold mav_ be 
draped against the plastic as on machinery with movable 
mold platens; or the plastic may be draped over a mold as 
with the drape type clamp fram« 

The essence of thermoforming is getting th« 
relationship of machinery functions, material characteris 
tics, performance, and above all the understanding of bal 


ancing all of these 


REFERENCI 

Summary of Thermoforming Techniques by R. E. Kostur, Come 
Industries, Franklin Park, Illinois. Paper presented at the Six 
teenth Annual Technical Conference of the Society of Plastics 


+ 


Engineers, Inc, Chicago, Illinois, Jan. 1960. 
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From: Company Bulletin 


9 typical coil designs for ... 
INDUCTION SOLDERING AND BRAZING 


best results, preforms of the brazing avoid melting the alloy before the joint REFERENCE: 
hen surfaces are at joining temperatur This 


he preforms inside 


Induction Brazing and 
lished by Lepel High Fre- 
W oodsid N 


High Frequen 
Solder 
mi Laboratoric In 


York. 


ould not form closed loops 

coupling from the an be done by placing t 

tre the assembly, as in | and 7 
Frequently 


t inductive 
or by 1 I 
\ 


Also, it is desirable to ele 
the replaced alloy 


shield essing a component as in ¢ 
omponents to be joine ,y chamfers or grooves can be incorporated 
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12 ways to work 


TITANIUM 


Basic information on how the metal should be machined, 
formed, heat treated, and welded. 


J. M. WENTZELL 
Technical Service Director 
Atlas Titanium Ltd 
Welland, Ont, Canada 


Titanium can be supplied in all 
standard wrought forms. It can be 
rolled, hammered, pressed or extruded 
from ingots into blooms, billets or 
slabs, and then worked into forging 
billets, plate, sheet, strip, bars, rods 
and wire. Successful fabrication of 
these raw-material forms into end 
products such as titanium-tipped plat- 
ing racks, marine structures, and air- 
craft engine-pods is dependent upon 
the type of tooling emploved, the 
forming temperature in relation to the 
severity of the part to be formed and, 
most of all, an understanding of limi- 
tations peculiar to the metal. Here 
is basic information on 12 methods 
for working with titanium. 


MACHINING 


Production results have indicated 
that commercially pure titanium ma- 
chines similarly to 18-8 stainless steel. 
The alloy grades machine somewhat 
more difficult but do not approach 
the hard-to-machine high temperature 
alloys. 


Turning 


Commercially pure and alloyed ti- 
tanium can be turned with little diff- 
culty. Carbide tools are the most 
satisfactory for turning titanium. Cast 
alloy tools may be used when carbide 
is not available and when the cheaper 
high speed steels are not satisfactory. 


Milling 


The milling of titanium is a more 
difficult operation than that of turn- 
ing. The cutter mills only part of 


each revolution. During the portion 
of the revolution that each tooth does 
not cut, the titanium chip remains 
tightly welded to the tooth’s edge. 

his problem can be alleviated to 
a great extent by employing climb, 
instead of conventional, milling. In 
this type of milling, the cutter is in 
contact with the thinnest portion of 
the chip as it leaves the cut. 

For slab milling the work should 
move in the same direction as the cut- 
ting teeth; and for face milling the 
teeth should emerge from the cut in 
the same direction as the work is fed. 

In milling titanium the cutting edge 
usually fails because of chipping, thus 
the results with carbide tools are often 
less satisfactory than with cast-alloy 
tools. A water base coolant is recom- 
mended. 


Drilling 


Successful drilling can be done with 
ordinary high speed steel drills. One 
of the most important factors in drill- 
ing titanium is the length of the un- 
supported section of the drill. This 
portion of the drill should be no 
longer than necessary to drill the re- 
quired depth of hole and still allow 
the chips to flow unhampered through 
the flutes and out of the hole. 


Tapping 

Tapping titanium is one of the 
more difficult machining operations. 
Most of the success in tapping has 
been with a 65% thread. 

Chip removal is one of the serious 
problems in tapping. However, in 
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TITANIUM-FOIL is available in widths up 
to 24 in. and in commercial thicknesses 
ranging from 0.000125-in. to 0.010-in. Ti- 
tanium foil has potentialities in the elec- 
tronic industry and in honeycomb sections 
(All photos courtesy of Union Carbide Co.) 


WELDING light gauge titanium can be done 
in the thickness range of 0.020-in. to 0.075 
in. These cones. later processed into after- 
burner assemblies for jet planes are made 
of 0.040-in. thick titanium. 


tapping through holes, this problem 
is simplified by using a gun-type tap; 
the. chips are then pushed ahead of 
the tap. Another problem is the 
smear of titanium on the land of the 
tap, thereby resulting in the tap freez- 
ing or binding in the hole. An active 
cutting oil such as a sulferized and 
chlorinated oil is helpful in avoiding 
this. 





FABRICATION AND PRODUCTION PROCESSES 


POWDER METAL titanium-base alloy 
valve 
held, machining 
surfaces. 
those for 


and 


as 


IMPROVED TECHNIQUES now make it possible to cold-bend titanium tubing o 


a radius as small as its own diameter 


at 


costs comparable with those 


stainless steel. Springback should be found by test bends before final setup. 


Grinding 


\ proper choice of grinding fluid, 
ibrasive wheel and low wheel speeds 
can expedite this form of shaping ti- 
tanium. The procedure recommended 


is to use considerably lower wheel 


speeds than in conventional grinding 
Indications are that titanium 
can be ground more easily than high 


of steels. 
speed steels. 


FABRICATION 


Forming sheet material is accom- 
plished by four basic methods: hydro 
press, brake, stretch forming and drop 
hammer. In forming a titanium part, 
the first step is preparation of the 
blank. This operation is very similar 
to that used for 18-8 stainless steel. 
Shearing, die blanking, nibbling and 
sawing are all satisfactory. 

Deburr the titanium blank edge 
before forming because of the relative 
The 


should 


notch sensitivitv of titanium 
deburring operation actually 


produce a round polished edge. 


Hydraulic Press Forming 


Rubber pad hydropress forming can 
be accomplished either hot or cold de- 
pending on the type tooling emploved 
the This 
tvpe of forming is used on parts that 
are predominantly flat with flanges, 
beads and lightening holes. 


and press pressures used. 


Power Brake Forming 

Brake forming is used to form an- 
Z-sections, hat and 
channels. In practice, the sheet metal 


gles, sections, 
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blank is placed over a trough die and 
the angle formed by forcing the sheet 
he 


minimum bend radius for brake form 
titanium 


into the trough with a male die. 
ing of commercially 
should not be less than 31] 


brake 


pure 
lhe best 
results are obtained by formin 


between 400 to 600 F. 


og 


5 


Stretch Forming 


Stretch forming has been used on 
titanium primarily to bend angles, hat 
sections, Z-sections and channels and 
to form skins. This type of forming 
is accomplished by gripping the sec- 
formed in knurled 


loading until plastic deformation be- 


tion to be jaws, 
gins, then wrapping the part around a 
male die. Loading of the part of sheet 
until plastic deformation begins and 
the 
rate 


die should be 


Springback 


wrapping around 
done at 
is equivalent to that of one quarter 
hard 18-8 stainless steel All blanks 


for stretch forming should have the 


a verv slow 


edges polished to remove any notch 
effects. 


Drop Hammer Forming 


In drop hammer forming, the best 
results have been obtained by 
ing the female die to 200-300 F to re- 
move the chill and heating the blank 
to 800-1000 F for 10 to 15 minutes 
The part is then struck and set in the 
die. No further finishing is needed. 


warm 


Heat Treatment 


The only heat treatment necessary 
on commercially pure titanium is a 


valve plugs 
Since close tolerances can be 
is eliminated on all non-contacting 

machining use the same methods 
the pure metal. 


seats 


For 


stress relief operation. ‘The received 
material is in the annealed condition, 
its most workable form. A stress relief 
treatment is necessary to relieve resid- 
ual stresses imposed during forming 
Stress relieving may be accomplished 
by heating at 700-1000 I 15 to 
It usually is necessary to 
than 


of fabrication is involved 


for 
20 minutes 
where mor one 


stress relieve 


stage lor 
example, the part should be stress r 
after 


stretching and also between room tem- 


lieved brake forming prior to 


perature hydropress forming stages 


WELDING 


Satisfactory methods for welding ti- 
tanium include inert-gas shielded arc 
welding, spot, seam, and flash weld 
ing. These methods include provision 
for shielding the molten weld metals 
and adjacent heated zones from active 
gases that would contaminate the 
metal 

Two major processes for arc welding 
nonconsumable — electrode 
the 


titanium 


ire the 


tungsten arc) and consumable 
titanium oT 
wire Both 


adaptable to manual or automatic tvpe 


electrode illoy 


methods methods are 
arc welding equipment 

Spot, seam, and flash welding pro- 
for titanium are similar to 
used on other metals. Special 


shielding is usually not required be- 


cedures 


those 


cause of the short welding times and 


proximity of the surfaces being joined. 
Welding current and time have the 
greatest effect on the quality of spot 
ind seam welds and should be closely 


watched for best results. 


REFERENCE: 

Titanium: Metal With An Exciting Future 
by J. M. Wentzell, Technical Service Di- 
rector, Atlas Titanium Ltd, Welland, Ont, 
Canada. Published in Design Engineering, 


5 


Oct °59, p 52 
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From: American Machinist Metalworking Manufacturing 


FLAME HARDENING 1 GEAR RACK requires hardening the flats 
along both edges and the individual gear teeth Rack is about 
10 ft long, has 26 teeth s used in a rolling mill. Flats were 
heated with standard flat burner the teeth with standard gear- 
tooth burners like those at } 


matching the burner to the job is key to better... 


--- FLAME HARDENING 


Burner styles, methods and applications for: Shafts, machine ways, internal bores and 


splines, gears, racks, journals, cams, and sprockets. 


B. G. WARD, JR. 
Heat Treatment Engineer 
National Cylinder Gas 
Div. of Chemetron Corp. 


FRecent advances in gas-mixing equip- 
ment, operating controls, and burner 
design, are helping flame hardening 
to find new and varied applications. 

Production quantity should be one 
of the first considerations when choos- 
ing between induction and flame hard- 
ening, if both processes can provide 
the desired hardening pattern. Other 
things being equal, flame hardening is 
more suitable for short runs, induction 
hardening for longer runs. 

Among other factors to be weighed 
are: Original equipment cost is lower 
for flame hardening than for induction 
hardening for a particular arrange- 
ment; flame hardening provides greater 
freedom in treating large areas with 
deep, often penetration; 
burners are easily located for harden- 
ing complex contours; recent advances 
in automatie flame hardening controls 
now provide a high degree of relia- 
bility and unife-mity adequate for any 
hardening job. 


varying, 


BURNER STYLES 


Assuming that flame hardening has 
been selected for a job, the heat treat- 
ing specialist must then determine 
the best type of burner and the best 
flame-hardening method. Poor selec- 
tion here can adversely affect both 
the quality and cost of the product. 

There are four basic types of burn- 
ers—all with their inherent advantages 
and disadvantages: 

e Welding tip—Standard torch head 
delivers heat to a relatively small cir- 
cular area. This is the least expensive 
burner, but it is practical only for 
hardening small parts or limited areas 
of larger parts. 

© Flat—This type of burner allows 
full freedom in specifying dimensions 
of the flame face (provided fuel sup- 
ply is adequate). The flat burner is 
relatively inexpensive if it is possible 
to make a selection from among the 
standard flame-face dimensions and 
heating capacities available. 
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@ Contoured—The flame face of a 
contoured burner can be shaped to 
match the workpiece contour. These 
burners must be custom-built, but may 
be more economical to operate than a 
combination of less expensive flat 
burners because of reductions in hard- 
ening time and fuel consumption. 

e Ring—Ring burners can be built 
to any desired diameter. Thev also 
come in standard sizes, though a spe- 
cial diameter must usually be speci- 
fied to match a non-standard shaft 
size. 


FLAME-HARDENING METHODS 


There are four basic flame-harden- 
ing methods: 

Stationary—Both the burner and 
the workpiece are stationary during 
hardening. Total hardening area may 
be increased by indexing the piece or 
burner after each heat-and-quench. 

Stationary spinning—Burners are 
Stationary; piece rotates or spins under 
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|_|. SHAFTS i? 





the flame to extend the hardening 
area. Stationary spinning may also be 
used simply to insure more even heat 
distribution, as in hardening a shaft 
with a ring burner. 

Progressive — Piece is 
burner moves at a constant rate across 
the surface to be hardened. Quenching 
is also progressive, either separately or 
following on the burner head. It may 
be advantageous, too, to combine a 
stationary burner with a_ progressive 
part. 

Progressive spinning — Both the 
burner and the piece move. The piece 
spins under the flame as the burner 
progresses in an axial direction. 


stationary; 


APPLICATIONS 


The bulk of flame hardening work 
in industry can be broken into eight. 


Shafts 


The best burner for hardening a 
shaft often depends upon shaft diam- 
eter. Very small shafts, less than 1 in. 
dia, can be hardened by a welding tip, 
by cither the progressive spinning or 
method. Small 
shafts can be hardened by one or two 


stationary spinning 
standard flat burners (la) with pro- 
gressive spinning or, if only a narrow 
band need be hardened, with station- 
ary spinning. If the burners have 
quenching nozzles, the shaft should 
be hardened by upward progression in 
a vertical position so as to lose the 
quench water. 

Burner travel rate along the shaft 
should be from 2 to 12 ipm, depend- 
ing upon heat capacity of the gas mix- 
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ture and burners, and the penetration 
desired. 

The combination ring burner and 
quench (lb) can heat shafts of any 
diameter. Progressive hardening with 
ring burners involves motion of both 
burner and shaft. The shaft should al- 
ways be spun to insure uniform hard- 
ness and to minimize distortion. 

Progressive spinning is usually ap- 
plied to large-diameter shafts through 
multiple flat or segment burners and 
a ring quench (Ic). The number of 
burners for a given shaft diameter de- 
pends upon the progressive speed. 

The ring burner is usually most 
economical for shafts of any size, both 
in terms of gas consumption and also, 
with respect to multiple burners, be- 
cause only one torch handle, gas 
mixer, and set of controls are needed. 


Machine ways 


Flame hardening of flat and con- 
toured-bed ways is always done pro- 
gressively because of the size and 
weight of the work, but burner ar- 
rangement may vary a good deal. Flat 
ways (2a), such as those on boring and 
drilling machines, are usually hard- 
ened with separate burners provided 
the production run is not too large 
Ways may be produced by a company 
in several widths but with uniform 
depth. In such cases, one set of side 
burners may be used for a number of 
way sizes. A separate top burner, how- 
ever, should be specified for each way 
width to insure uniform heat. 

Lathe-bed ways can be flame hard- 
ened with (a) one burner in three 
passes, if the widths of the sloping 
sides and flat are the same; (b) three 
separate burners in one pass (b); (c) 
two burners on the “V” in one pass 
and another burner on the flat in a 
second pass; or (d) a special contoured 
burner with three separate flame faces 
in a single head and with a common 
gas mixer, supplied through a single 
gas control system. 

The most practical method, both in 
initial and operating costs, is three 
standard burners in one pass. If quan- 
tity is sufficient to offset the higher 
initial cost, however, a specially con- 
toured burner is simpler and usually 
provides more uniform hardening. 


Internal bores and splines 


Small bores can be flame-hardened 
with a circular burner and quench 


(3a). Although simple 
treatment is possible for deep bores, a 
more uniform heat distribution is 
achieved by spinning the piece at the 
same time. The motion of the circu- 
lar burner should be upward, so that 
quench water falls down through the 
bore. Stationary spinning is sufficient 


progressive 


if the bore is shallow enough to permit 
width, and if 
quenching can be done afterwards 


a practical burner 


Circular burners become impractical 
to make in sizes below 3 in. dia 

Large bores may be hardened bv sta- 
tionary spinning with one or more flat 
burners. If the ring or bore is shal- 
low enough, it is rotated until narden- 
ing temperature is reached, then the 
burners are removed and the quench 
heads are inserted. 

A single flat burner may be used for 
progressive hardening of extremely 
large bores if the spinning method 
cannot develop proper hardening tem- 
perature and quenching around the 
entire bore. To prevent tempering an 
already hardened area, install an aux- 
iliary quench just ahead of the burner 
(3b). Only one burner should be used 
in this setup. The burner and primary 
quench should be located at the top 
of the bore, or the bore ring should 
be hardened in the horizontal posi- 
tion. 

Spline hardening is quite similar to 
internal bore hardening. Stationary 
is acceptable for narrow 


splines, up to about 2 in. wide. Pro- 


spinning 


gressive spinning produces less distor- 
tion and is useful on splines from 2 to 
Both methods, of course, 
produce the full-tooth hardening pat- 
tern shown in Fig. 4a. If only the 
spline faces are to be hardened, pro- 


8 in. wide 


gressive hardening with two burners 
along each tooth 
should be specified. This is similar 


traveling cavity 
to the gear hardening operation in 


Fig. 4b. 
Gears 


Gears can be hardened in three 
ways. If the gear teeth are less than 
4 in. wide, a twin welding tip can 
heat each side of a tooth simultane- 
ously. The gear is then indexed, and 
the heated tooth is quenched as the 
next tooth is heated. Multi-flame tips 
may be used for teeth over 4 in. wide. 

Gears may also be hardened by the 
spinning technique, using standard 
flat burners. The gear is spun under 
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the burners until the teeth have 
reached hardening temperature, then 
the gear is dropped into the quench 
or indexed to a spray quench. Spin 
ning provides the hardening pattern 
shown in Fig. 4a, and can be used for 
gears up to 24 in. in diameter and 4 in 
wide 
Progressive hardening is accom 
plished by two flat or contoured burn- 
ers moving simultaneously across the 
working faces of each gear tooth (4b), 
progressively heating and quenching 
the tooth. Although slower than sta- 
tionary spinning, progressive harden 
ing is usually specified (a) when only 
the working faces of the gear are to 
be hardened usually in heavy gears 
subject to high shear stresses; (b) 


when gears are quite large, over 24 in 
x 4 in.; and (c) when gears are special 


designs for precision machines 
Racks 


Because of the length of the teeth 
racks are almost always hardened pro- 
gressively. Twin tips like those in 


sketch are commonly used 


Journals 


Journals are usually hardened by 
spinning, in much the same wav as 


shafts followed bv a 


quench. hardening, in 


Heating is 

Progressive 
which the burner and quench travel 
around the journal shaft, is possible 
but soft spots might develop at the 
end of the cvcle. 


Cams and Camshafts 


Most 


progressively in a horizontal position 


linear cams are hardened 
with a flat burner and quench (5a 
The contour of the cam can be fol 
lowed by adapting a duplicate cam, 
by placing a follower guide in front of 
or behind the burner, or by position- 
ing the burner bv hand 

When only limited areas of the cam 
hardened, the stationary 
method can be used, as in Fig. 5b, 


need be 


where we show two separate areas 
being hardened. Greater hardening 
area and more uniform heat distribu 


tion can be obtained by oscillating the 
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cam itself, not more than 15 
the burners 

Progressive hardening is often speci 
fied when the entire cam profile 1s t 
be hardened and the piece is being 
made in reasonable quantities. Cam 
rollers move the burner and quench 
in and out as the cam rotates. Progr 
sive cam hardening is best carried 


in a horizontal position 


Sprockets 


I'wo flat or slightly contoured burn- 
ers may be used in stationary harden 
ing to heat simultaneously both sides 
of each sprocket tooth (6a). After 
heating, the burners automatically 
withdraw, and the sprocket is indexed 
Sprockets (and gears) 
stacked to allow 


for quenching 
may sometimes b¢ 
progressive hardening along each line 


f teeth 


This can save considerable 
time, and improve heat distribution. 
In Fig. 6a only the tooth tip is hard- 
ened The application determines 
which of the hardening patterns is re- 


quired 


REFERENCI 


The Key to Better Flame Har 
Match the Burner to the Jobs by 
Ward, Jr, Heat Treatment Engine 
tional Cylinder Gas, Div. of Chemetron 
Corp, 840 N Michigan Ave, Chicago, III 
Published in American Machinist, Nov 
16 °59. Pp 135 
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rom: Company booklet 


DESIGN HINTS ON... 


ELECTROFORMING 


When to use electroforming, types of mandrels, examples of 
good and bad practices, deposit rates, and distribution 
curves for angles and holes. 


BRUCE CHANDLER JONES 
Chief Engineer 
Allied Research & Engineering 


EE lectroforming, the process of build- machining, scribing, or any other Anv metal that can be clectro-d 
ing a structural part of electro-deposi process, will be reproduced faithfulls posited can be electroformed. Copper, 
tion, consists of three steps in the finished electroform. The proc nickel and silver are most common, 
e Prepare a mandrel of appropriate ess lends itself, therefore, to the with iron, gold, brass, lead, rhodium 
shape and finish, production of shapes and surface de ind chromium also used. Precious 

e Electro-plate it to the desired tails which would be difficult or metals often are laminated to plastic 
thickness, impossible to duplicate by other or ceramic bases, as in the case of slip 

e Remove the mandrel. (In some means. It brings new freedom from rings or commutators. The advent of 
instances, the mandrel is not re- certain limitations of conventional hvdrogen-firing of copper parts has 
moved.) machine operations, to designer, engi brought a need for copper that con- 
Anv contour or surface detail given neer and manufacturer alike. There is tains no oxvgen-bearing contaminants 

to the mandrel, whether by casting, little or no waste of materials. electroforming can produce oxygen 


Some current uses for . 
electroforming When to Use Electroforming 

Electroforming should be used when it is less expensive than other methods, 
when it produces a better product, when it is the only practical method of fabrica 
Radar and microwave components: tion. These are the advantages electroforming offers 
Waveguides, feed horns, Internal surfaces can be contoured to almost any shape 
Power dividers, filters, Where the inspection of internal surfaces is difficult or impossible it is easy to 
Antennas and components inspect the male mandrel. 
Wind tunnel nozzles and throats There is no size limit, either small or large, except the size of the electroforming 
Missile nose cones tank. 
Liquid rocket thrust chambers Any surface detail, even as fine as one-millionth of an inch, can be reproduced 
Radome molds faithfully. 
Venturi nozzles There is no minimum or maximum wall thickness—walls as thick as two inches have 
Pitot tubes been produced. Further, wall thickness can be duplicated consistently, from part to part 
Aircraft ducting Components such os pins, plates, wires can be ‘grown in” and con be of any 
Commutators and slip rings material which can be plated: similar or dissimilar metals, plastics, ceramics, ceramets 

One-piece construction is possible even with complex shapes. 

Tolerances as close as 0.0005 in. can be maintained throughout the production 
run, while surface finish as fine as 2 microinches can be maintained 

Metallurgical properties can be controlled accurately, which helps produce thin- 


Honeycomb sandwich 
Surface finish gauges 
Precision thin-walled tubing 
Heat exchanger tubes 
Bi-metallic tubing rolled parts that have relatively high strength 
Reflectors Hardness and strength can be controlled over a wide range. 
Tire molds There is no limit to the length of production runs—short for experimental produc- 
Musical instruments bells tion, or long for full production. 
Phonograph record masters There is no heat distortion since no heat is applied at any stage of the process 
Printing electrotypes Dissimilar materials can be joined—without applying heat—including any 
material that can be electro-plated, e.g. metals, plastics, ceramics, ceramets. 

A minimum of machining is required after electroforming, because surface details 





Caps for fountain pens, ball point pens, 
pencils 

Molds for metal, plastic, ceramic forming 

Conducting surfaces on non-conducting 


are accurately reproduced. 
There is little waste of materials, because the deposition of metal can be con- 





trolled accurately. 


materials . 
Physical properties can be varied, such as ultimate tensile strength, ductility, yield 


Build-up of worn shafts and other ports 


Joining of materials at room temperature | strength. 


| 
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Good electroforming practices—some “do’s and don’ts’’ for designers 



































1. DO NOT PLATE INTO SHARP CORNERS 


(see 


shar 
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Pp 
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Plating 
corner 
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metal 


into 
ll 


Si 


hole’ 


result 
lver 


in 
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Plating 
ver 


however, is 


rely 


free of this effect 


light 


nto 


de 
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2. WHY A SHARP CORNER CAUSES A 

















3. ROUND CORNERS WHEN POSSIBLE 


THIN DEPOSIT OF METAL. 
current-flow arrange 


filings above a magnet— into 


The 


themselves 


lines 


like 


of 


iron 


By 


metal 


rounding 


the cor 


obtained 


ner an 


Compare 


ev 


en 


th 


depo 
Ww 


th 


the 


straight 


lines 


from 
to one 


corner, 


anode to 


cathode. 


side or the other 


Since 


is 


the 


distance 


the 


current 


less than to the 


flows 


to 


the 


sides, 


that 
up 


only 


a 


light 


deposit 


of metal 


in the corner. 


built 














sharp corner in Fig. 1. 














S. METAL BUILDUP AT OUTSIDE COR- 
NERS. The thickness of the metal 
‘ t en point s proportiona 
current ty that point. The cu 

an electroforming bath 
the magnetic flux patterr 


deposit 
to the ele« 
dens at 
pattern in 


ogous to 











6. AVOID DEEP GROVES. De« 


b 
i I 





i magnet 
orners. 1 


on 


resulting i 


the 


more concentrated 
. erefore 
outside corners o 
n actual re 


more me 


at 


out 


man 


nforcement 





hollow 
square 


ctroformed 
tangular 


tubes (B with 


sections 


rec- 


or cross 






































4. USING SOLDER TO AUGMENT A COR- 
NER. Where the cor mu hart t 8. ELECTROFORMING A 
may sometimes possible to build it up PLACE. may be built right ir an 
with solder, after slectroformed part. The flange is pre fit 
The solde 3) is (A) the mandre K 
placed in the electroforming tank. An initial 
deposit of metal (B) is electroformed, then 


ner be 


FLANGE IN 
he Flanges t 
an initial deposit of 
added to the 
a radius. Then 
and an deposit of 
on top of the original 
Th results in 
finished part 
Sefore desig 
ae operat 


which 


metal 











r 
sharp corner nto place on before beir 
electroforming 
continued 
obtained 
the 
stronger 
in Fig 


way 


metal 

deposit and 

appre- 
that 


7. THINNER METAL DEPOSIT ON THE 
BOTTOM OF A HOLE. A hole in the man- the flange fitted or pressed onto the elect 

drel will, of course, result in a ‘‘button” form. The assembly is then returned to the 
the internal surface of the electroform. In a electroforming tank, and electrof< 
manner similar to the way in which only a completed. The flange may be 
thin deposit builds up in a sharp corner or ever surface no 
mit its 1 groove, there will be a thinner deposit at red. Note the locking grooves, 

the bottom of the hole. hold the flange in place. 


over solder 


on 
ciably 


shown ning a j 


ng 
may 


yrming 
masked 
deposit 


) whe 
cons conditions on its 
as temperature t 


meta 
usefulness 


des help 
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10. BUILDING UP A COMPLEX MANDREL 
out of several simple pieces. I)\ustrated here 
is a method of building a complex mandrel 
out of several simple shapes—a square rod 
A, a square-to-round transition B, a round 
rod C, and a machined cap D. Each part of 
the mandrel may, if desired, be made of a 
different material, either for easy removal! 
»r to be left in place as part of the finished 
piece. 











9. TWO-PIECE MANDREL SHOULD HAVE SMOOTH JOINTS. Where the mandrel! is 
made up of two or more pieces, make the joints as smooth as possible (A) to obtain a 
smooth electroform. Ridging and lack of smooth surface may result (B) where the 
two parts of a mandrel do not have smooth joints. Discontinuities that may result when 
a mandrel! is made up of more than one piece are shown in G, D and E. 








— 
~ 
~~ 

~ 


_ 
oe 
~~ 











B 12. SHIELDING TO ACHIEVE SELECTIVE 
ELECTROFORMING. The shield deflects the 
flow of current, effecting a thinner deposit 
11. MANDREL MADE OF DISSIMILAR MATERIALS, some of which remain as part of of metal behind the shield. By leaving the 
the finished electroform. The mandrel! (A) is made up of dissimilar materials. The ex- shield in the electroforming tank for only a 
pendable portion of the mandre! can be removed (B) leaving the rest as a built-in part part of the time, the depth of plating at 
of the finished electroform selected points can be controlled accurately 











at 2 Deposit Rate for Various Metals 





Plating into a Hole, an Angle, Amp-hrs 


or a Groove Pounds _to deposit 
Metal deposited 0.001 -in. 
per omp-hr thick, 


The following charts show the ratio of plating aes 00 be 


thickness at the bottom of a hole and an angle 
or groove) to the plating thickness at the top Cadmium 


Hole depth and diameter affect the ratio; the 
Chromium 


depth of the angle and the radius at the apex 
Copper (ous) 


of the angle affect the ratio. 


AHL 


Copper (ic) 
The values shown are approximate, they are 
‘ , . Iron (ous) 
suitable for design purposes only while the 


‘ d 
value of T remains small compared to R and L. les 


The location of the anode in the electroforming Nickel 


tank, and the precise configuration of the Platinum 


) Mnd a Ada ons NASA OMUALH EUS OU NNUHN SHU MAAL bac daLtd 


electroform itself may affect the values shown. 2 Silver 
The data do not take into consideration the Tin tows) 


formation of electroform beads on external 


TLE 


Tin (ic) 


corners. 
Zinc 


a ee 
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free high conductivity (OFHC) cop- 
per in its purest form. 


MANDRELS 


rhe clectroforming process—making 
the mandrel, then plating it—covers a 
number of well known and widel\ 
used manufacturing procedures. Thes« 
include metalworking processes such 
as casting, milling, screw-machining, 
drilling and tapping, forging, welding 
and brazing; the molding and machin- 
ing of synthetics and ceramics; and, 
of course, electro-plating 

Familiarity with these well known 
processes notwithstanding,  electro- 
forming presents a challenge to the 
designer and the production engineer 

much more so, perhaps, than is gen- 
crally recognized. Good electroform 
ing practice calls not only for know 
+} 


how and experience in each of the 


which may be em 


rate procedures 


ploved, but also in the combining of 


the mechanical process of making the 


] 


] ] 
mandrel, the electro-chemical process 


of plating it, and whatever associated 
processes may have preceded or will 
follow 

The shape of the mandrel 
ourse, the reverse of the finished elec 
surtacc 


detail is reflected exactly in the ele 


troform. Every contour, even 
troformed part; a mirror finish on 
the mandrel means a mirror finish on 


] 


the electroform; a scratch on the man 


Ire] means a ridge on the electroform 

Mandrels can be made of anv ma- 
terial, metallic or non-metallic, con 
ductive or non-conductive, which can 
be electro-plated, so long as the surface 

impervious to the plating solution 
Stainless steel, other steels, aluminum, 
brass, nickel, zinc, bismuth or tin 


lloys, wax, wood, plastic, rubbed, 
ceramics and ceramets, synthetic ma- 
terials such as Teflon, Nvlon, Kel-F, 
laminates and foams and other plas- 
tics are among those commonly used 
Chere are several ways of putting a 
conductive coating on a non-conduc- 
tive mandrel e.g. dusting with pow- 
dered graphite, dipping in colloidal 
graphite, “electroless” plating 
Permanent mandrels can be pulled 
out of the electroform, and reused 
lo prevent adhesion and permit re- 
moval, give the surface an oxide coat- 
ing. Conversely, if adhesion is de- 
sired, clean the surface chemically 
and physically. For close-tolerances 


make mandrels of stainless steel 
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NORMAL ELECTROFORM DISTRIBUTION for nickel, copper and silver in 


angles, grooves and holes. 


Expendable mandrels, made of solu- 
ble materials such as aluminum or 
zinc, or of fusible materials such as 
wax, are used when the internal con- 
tours of the clectroform make it pos- 
sible to pull out the mandrel. Expend- 
able mandrels are also used where the 
cost of a permanent mandrel would be 
ippreciably higher, as in experimental 
or other short-run production. For 
close tolerance parts, expendable man- 
drels are usually made of aluminum. 

In many instances, the mandrel, or 
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a portion of it, is not removed. In- 
serts, pins, wires may be left In place 

\ plastic or ceramic base may be 
electro-plated in a specified pattern, as 
is done with a slip ring or commutator 


REFERENCE 

Current Uses for Electroforming by Bruce 
Chandler Jones, Chief Engineer, Allied 
Research & Engineering. Published by 
Allied Research & Engineering, Div of 
Allied Record Manufacturing Co, Los An- 


geles, California 
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CATALOGS 
and BULLETINS 


To obtain copies of literature described below, write 
prefix letter and number on reader service card. 


(D-1) Screw Conveyor Drives—Catalog, 2( 
pp. Gear reducers handle 4 to 30 hp. At 
ends and motor mount 


Falk Corp, Box 492 


taching trough 
ilso shown. The 


Milwaukee, Wisc 


(D-2) Impulse Load Motors—Bulletin, 4 


inertia motors with 
lutch and _ brake 
rapid starts and stops of production ma 
Ferguson Machine Corp, 7818 


Maplewood Industrial Court, St Loui 


pp. Describes high 


I 


built-in to accomplish 


hinery 


(D-3) 


log, 38 pp 


Automatic Work Positioning—Cata 
Describes index tables, index 
table drives with several motion scheduk 
accessories | rf 


Mapk 


transfer machines and 
on Machine Corp of Ind 
wood Industrial Court, St Loui 


7818 


(D-4) Cold 
Discusses 


Heading—Bulletin 8 
the process, its possibilities 
John Hassall, In 

estbury, NY 


ts limitations 


2233H, W 


(D-5) Jig and Fixture Components—Cata 
log, 80 pp. Shows handles, clamps, but 
many others. Jergens ‘| 


Specialty Co, 712 E 163 St, Cleveland 
| 


n ushing 


Drill 


Bushings are 


(D-6) Template 


16 pp 


Bushings— Bull 
used in 
metal templates. For drills up to 
Penn Engineering & Mfg Corp, Box 

Dovlestown, Pa 


(D-7) Inspection Projectors—Catalog 
Explains projection method used 
ved comparators, measurers and ma 

ine tool projectors. Stocker & “Yale, 


Inc, 44 Green St, Marblehead, Ma 


(D-8) Inspection Equipment—Brochu ( 
pp. Explains system and 


+ 


optical ompara 
it 1 ‘ d Il} 


Marbl 


ors and measuring projectors 
Stocker & Yale, Inc, 40 Green St 


head, Mass 


(D-9) Metal 


Compares 


Spinning—Brochure 
spinning and pressing costs 
shows steps in process and tolerances and 


ipacities within which 


C W Torngren Co, Inc, 23¢ 
Somerville, Mass 


company work 
Pearl St 


(D-10) 
pp. Describes 3 to 50 ton 
hydraulic presses with or without heated 
platens. Wabash Metal Products Co, 


1582 Morris St, Wabash, Ind 


Brochure 4 


self-contained 


Laboratory Presses 


178 


(D-11) Grooving Tools—Catalog, 20 pp 


Contains illustrations, engineering spec 


fications, dimensions for grooving tool 
bottom adaptors, elongated spindles, othe: 
Also 
ranges and speeds, tool setup and main 


Rings Di 
Austel P 


special attachments overs cutting 
tenance T'ruarc Retaining 
Waldes Kohinoor, Inc, 47-l¢ 


LI Citv 1, NY 


(D-12) Vibrating Conveyors—Catalog, 1¢ 
pp. Mechanically 


yors in 


vibrated conve 


be adapted to perform washing, sorting 


aligning de-watering, oth function 


Ajax Flexible Coupling (¢ In 104 
Portage Rd, Westfield, NY 


(D-13) Drilling and Tapping—Catalog 
pp. Gives drawings and specifications 
iir powered tapping and drilling machine 
iir and hydraulic powered drill press feed 
Beckett-Harcum Co g5 W 


Wilmington, Ohio 


(D-14) Plastic Coloring—Bi 
Presents a cost and proper 
molding u 
12933 S Stor 


of painting and 
Chemical Co 


Chicago 33 


(D-15) Mist Coolant for 


Brochure, 6 pp. Unit, which mount 


Machining 


consists of reservoir and n¢ 
regulators, filters. Hook 
Bijur Lubricating Cor 


machine 
valves, 
shop ait 
Park, NJ 
(D-16) Spray 
Describes portable and 


pressure outfits 


3114 Carroll Ave, Chicag 


Painting—Bul 


1 
airies 


(D-17) Sprayer-mixer—Bulletin 
ents proportioner and mixi 
spraying, pouring oO! foaming m 
ponent materials. Binks Mfg 
Carroll Ave, Chicago 


(D-18) Plating 


Presents 


Bulletin 


illustrations of 


Process P] 
advantages and 
process of nickel and chrome 
steel. Brown-Lipe-Chapin Di 
General Motors Corp, Town Line Rd 


Svracuse, NY 


plating on 


zinc and 


(D-19) 


pp. Describes 


Catalog l¢ 


f 


Internal Grinders 
ihcation 

small lot 
production 


Clinton St, 


provides sp¢ 
grinders adapted to toolroon 
production and high volume 
Bryant Chucking Grinder Co 


Springfield, Vt 


(D-20) Turrent Drills 
pp. Describes six-spindle 
hines with 4 and 7 in. hole dia. capacities 
Burg Tool Mfg Co, 15001 S 
St. Gardena. Cal 


I'wo brochures, 12 


production ma 


Figueroa 


(D.21) Radial 
f DI 


pp. Six-spindk 


Drill 
drills up to 


Turret Brochur 
machine 
diameter holes. Maximum radius of 
Burg Tool Mfg. ¢ 


Gardena, Cal 


5 

7; m 
ram swing 4? in 
15001 S Figueroa St 
(D-22) 


tin, 12 pp 


Drills—Bulle 


Presents six and eight-spindle, 


Automatic Turrent 


hydraulic feed machines for drilling, tap 
lool Mfg Co, 15001 
Gardena, Cal 


ping, boring. Burg 


S Figueroa St 


(D-23 


Drill—Bull 


ht-spindlc 


Programmed ‘Turret 


pp. Shows six and cig 
ith punched tape control 
lool Mfg Co, 15001 S Figueroa 


Gardena, Cal 


(D-24) Bench Drill 


six-spindl 


Turret Bulle 
for small 
ginast 


St, Gardena, C 


(D-25) Tool Holders—Bulletin, 4+ p 


casing ionrcicasing ind 
tor 


> 


rgmaster! 
Gardena, Cal 
Wheels and 


Grinding Abrasives 


-arborundum 
NY 
(D-27 Finishing—Catalog 


) Barrel 
1 1ow process works and 
ts speeds, media, tim ther 


machin 
Electro 


uwborundum = (¢ 


pecifications for 
and ompounds 
Th ( 
NY 


Room 
ibrasives and t 
sticks for 
lindrical, tool and other types 
ig. Bonded Abrasives Div, The Carborun 
dum Co, Niagara Falls, NY 


Bre mur 


hniques; 


(D-28) Tool Grinding 


pp. D 
how vheels and urface, 


of grind 


(D-29) Belt Grinders—Data sheets, 27 pp 


Gives specifications of automatic and man 
ually operated belt sanders, grinder and 
polishers. Curtis Machine Div, The Car 
Niagara Falls, NY 


borundum Ce 


(D-30) Machine Tools—Catalog, 72 pp 
Gives descriptions, illustrations and speci 
fications for milling, die sinking, broaching, 
metal 
pecial machines plus grinding wheels and 
utting fluids. The Cincinnati Milling Ma- 


Co, Cincinnati 


grinding forming, hardening and 


f hing 
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Abrasive—Brochure, 
rubberized 


(D-31) Rubberized 
24 pp. Explains how to usc 
abrasive grinding wheel. Presents case 
Lists wheels, sticks 
stones, blocks, points. Cratex Mfg Co 


1600 Rollins Rd, Burlingame, Cal 


histories sizes of 


(D-32) Air Filtering System—Bulletin, 28 
pp. Provides performance curves, capaci 
dust con 


Third 


industrial 
trol equipment. The Day Co, 810 
Ave NE, Minneapolis 13 


ties, other data on 


(D-33) Bulk Materials Handling—Bulletin, 
12 pp. Gives dimensions and capacities of 
storage tanks, 
pneumatic conveying system. The Day Co, 


810 Third Ave NE, Minneapolis 13 


vertical and _ horizontal 


(D-34} Dust Separator—Bulletin, 12 pp 
Provides performance curves and formulas 
cyclonic 


Third Ave 


for choosing correct size 
tor. The Day Co, 810 
Minneapolis 13 


separa 


NE, 


(D-35) Dust Filter—Bulletin, 8 pp. Pre- 
sents air capacities and dimensions of re 
verse flow cleaned, continuous, automatic 
units. The Day Co, 810 Third Ave NE, 
Minneapolis 13 


(D-36) Pneumatic Conveyo s—Bulletin, 12 
pp. Explains operation and sample systems 
for moving bulk materials. Mixing, drying, 
cooling can be done at same time. The Day 
Co, 810 Third Ave NE, Minneapolis 13 


(D-37) Plug Gages—Bulletin, 4 pp. Shows 
uses of plug gages made in 0.000] in 
steps, and uses of gage balls. Deltronic, 


929 Baker St, Costa Mesa, Cal 


(D-38) Hopper Fed Power Screwdrivers— 
Brochure, 6 pp. Outlines features, advan 
Detroit Power 

Fort St, Detroit 16, 


tages, dimensions Screw 


driver Co, 2801 W 
Mich 


(D-39) Polyethylene Brochure, 


40 pp. Discusses methods of forming and 


Forming 
fields of use. Includes table showing range 
of properties. Eastman Chemical Products, 
Inc, Kingsport, Tenn 


(D-40) Vacuum Plastics—Bro 
chure, 20 pp. Discusses economic advan 


Forming 


tages and usefulness of vacuum forming 
as a technique for producing acetate and 
plastic 
illustrates basic technique and _ variations 


King 
Ings 


butvrate products. Describes and 


Eastman Chemical Products, Inc, 


port, Tenn 


Filters— 
belt, 
filters 
from laboratory to large industrial sizes 
The Eimco Corp, Box 300, Salt Lake 
City 10, Utah 


(D-41) Vacuum and Pressure 
Catalog, 12 pp 


other 


Describes drum, 


disc and type continuous 


(D-42) Belt Filter—Bulletin, 


operation of continuous belt drum filter 


2 pp. Shows 
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uses in food, chemical, other 
The Eimco Corp, Box 300, 
City 10, Utah 


and its 
industries 


Salt Lake 


(D-43) Magnetic Pulleys—Brochure, 6 pp 
When used with materials handling con- 
belt, pulley 
removes tramp iron contaminants Eriez 
Mfg Co, Erie 6, Pa 


vevor permanent magnetic 


(D-44) Magnetic Automation 
nents—Brochure, 6 pp. Permanent magnet 


Compo- 


elevate or 


Mfg Co, 


rails and rollers help convey, 


control magnetic Eriez 


Erie 6, Pa. 


parts 


(D-45) 


pp. Furnishes capacities and other speci 


Vibratory Feeders—Brochure, ¢ 


fications for magnetically driven feeders 


Capacities range from 
Eriez 


for loose materials 
1 to 10 tons of material per hour 
Mfg Co, Erie 6, Pa 


(D-46) Machine Levellers—Brochure, 4 


pp. Provides specifications of levelling 


jacks and vibration absorbing pads. En 
teiprise Machine Parts Corp, 2371 Jerome, 


Detroit 12 


(D-47) Industrial Weighing—Catalog, 75 
pp. Describes scales with mechanical and 
yptical indication, automatic net weighing, 
checkweighing and automatic 
sacking scales, plus other variations. The 
Exact Weight Scale Co, 551 E 
St, Columbus, Ohio 


automatic 


Town 


(D-48) Laboratory Mills—Bulletin, 16 pp 
Describes 6 by 13 in. roll size mills for 
plastic and rubber. Also 
enders. Farrel-Birmingham Co, Inc, An- 


sonia, Conn. 


mixers and cal- 


(D-49) Gear Production—Catalog, 20 pp 
Describes capabilities and specifications of 
equipment for cutting, finishing and in 
specting gears, worms, threads. Includes 
special-purpose attachments. The Fellows 
Gear Shaper Co, 78 River St, Springfield, 


Vt 


(D-50) Pressure Filter—Bulletin, 8 pp. De- 
scribes automatic, continuous flow, diato 
mite filter for aluminum oil recovery. Gale 
Separator Co, Div of Infilco, Inc, 901 S$ 
Campbell Ave, Tucson, Arizona 


(D-51) Annealing Furnace—Bulletin, 4 pp 
Electric furnace 
stainless steel strip 
tion ratings for different width strip. In 
dustrial Heating Dept, G E Co, Shelby- 
ville, Ind 


continuously anneals 


Table gives produc 


(D-52) Neutralene Gas Producer—Bulle- 
tin, + pp. Equipment produces a neutral 
atmosphere to prevent oxidation and de 
carburizing during heat treatment. Plant 
dimensions and ratings and gas composi- 
tion are given. Industrial Heating Dept, 


G E Co, Shelbyville, Ind. 
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(D-53) Malleable Iron Annealing Furnace 
—Bulletin, 4 pp. Electric furnaces handle 
up to 8 tons per batch. Dimensions and 
operating cycle curves are given. Industrial 


Heating Dept, G E Co, Shelbyville, Ind 


(D-54) Exalene Gas Producer—Bulletin, 
4 pp. Equipment produces atmosphere for 
bright annealing, normalizing, hardening, 
brazing and sintering of low-carbon steels 
Industrial Heating Dept, 


Ind. 


brass and 


G E Co, 


opper 
Shelbyville, 


(D-55) Annealing and Stress Relieving 
Furnace—Bulletin, 4 pp. Electri 
rt} 


up to 20 tons. Hearth i 


furnace 
handles batches 
on elevator. Industrial Heating Dept, G E 
Co, Shelbyville, Ind 


(D-56) Plasma Jet System—Data folder, 11 
pp. Describes equipment for flame spray 
ing and attaining extremely high tempera- 
tures. Plasmadyne Corp, Div of Giannini 
Scientific Corp, 3839 S Main St, Santa 
Ana, Cal 


(D-57) Threading Lathe—Catalog, 8 pp 
Describes semi-automatic, single point type 
which can do multistart, tapered, other 
special work. Gisholt Machine Co, 1245 E 


Washington Ave, Madison, Wisc 


(D-58) Automatic Lathes—Catalog, 28 pp 
Provides floor plan, specifications, notes on 
a design for 
Machine Co, 
Madison, W 1SC 


attachments, automation of 
high production. Gisholt 
1245 E Washington Ave, 


(D-59) Profiler—Catalog, 12 pp. Describes 

that tool slide by 
template. For automatic and 
Gisholt Machine Co, 1245 
Ave, Madison, Wisc 


attachment 
following 

turret lathes 
E Washington 


positions 


Automatic Turret Lathes—Catalog, 
Shows floor plan, construction, 


(D-60) 
24 pp 
which can in 
Gisholt 
Ave, 


attachments of machine 
great part be set up electrically 


Machine Co, 1245 E Washington 
Madison, Wisc. 


(D-61) Automatic Lathes—Catalog, 24 pp 
Describes lathe 
table for tool 
added in building block manner 
Machine Co, 1245 E Washington 
Madison, Wisc 


having large horizontal 
Tooling is 


Gisholt 
Ave, 


carrying slides 


(D-62) Saddle Turret Lathes—Five bro- 


chures, 40 pp with 


Describes models 


swings up to 40 in. Machines are designed 
to give high production rates. Gisholt Ma 
chine Co, 1245 E Washington Ave, Madi 


son, Wisc 


Turret Lathes—Catalog, 20 


too] 


(D-63) Ram 
pp. Shows construction, accessories 
ing, floor plans of models having up to 
213 in. swings. Gisholt Machine Co, 1245 


E Washington Ave, Madison, Wisc. 


continued 
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Sandusky Centrifugal Castings 
for unlimited cylindrical applications 


Do the products pictured here spur your imagination? These are 
typical of the cylindrical products we are casting centrifugally 
and machining to precise requirements for many prominent 
manufacturers and military branches. Write for: Sandusky 
Centrifugal Castings Bulletin #200. Contains application 
data and specifications on more than 7O ferrous and non- 
ferrous alloys in a range of properties that is a designer’s dream. 


= 


‘@))) CENTRIFUGAL CASTINGS 
SANDUSKY oO) 


FOUNDRY & MACHINE CO. 


SANDUSKY, OHIO 





SANDUSKY QUALITY 
CENTRIFUGAL CASTINGS 
TYPES: Rolls, Sleeves, Rings, 
Bearings, Bushings, Liners, 
Bands, Orums, Cylinders, 
Tubes, Shells, Retorts, 
Pressure Vessels,Pressure 
Piping. 

S/IZES: From 7” to 54” O.D. 
-—lengths up to 3S feet. 
MATERIALS: Stainiess, Car- 
bon and Low Alloy Steels; 
full range of Copper-Base 
and Nickel-Base Alloys. 
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4 eyslone 


—the answers at KEYSTONE 
have to be RIGHT... 


(EVEN WHEN WE HAVE TO SAY NO) 


When you come to Keystone with a powder metal production require- 
ment, you can depend upon our response. You'll receive straight answers 
to questions of design feasibility, tooling economics, choice of materials 
and finish, physical properties for specified performance, costs per 
thousand or per million pieces. Our answers to these and many other 
pertinent questions have to be right for you because they must be correct 
for us—and we have the know-how of a generation in the business to be 
sure. @ Occasionally, we must say ‘‘no’’ to a projected application, if 
unsound for metal powder technology. But we do our best to aid in the 
re-design that will make production practical, and profit the customer 
and ourselves. @© Why not sample the Keystone way of doing business, 
soon? It’s made us the leading independent fabricator in the field. 


CYMTORY cannon comPany 


ST. MARYS, PA. 


POWDERED METAL PARTS DiVvIsSIton 
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ie makes and fabricates 
peebbet-hacle mmole: hleta. 


Why “do-it-yourself” fabrication seldom pays 


This is a “long length” saw, especially 
built to cut sheets of Synthane lam- 
inated plastics of over 25 feet in length. 

It is extremely improbable that 
you would ever have sufficient work 
to make the purchase of such a 
machine profitable. Yet the long 
length saw is only one of hundreds 


of unusual machines necessary for 


You furnish the print 


fast, accurate, economical fabrication 
of laminates. 

Without the advantage of special 
machines and tools, and faced with 
the possibility of errors, waste, delays, 
mistakes in tolerances or dimensions 

at your expense—you may come to 
the same conclusion as have nearly 


all of our customers—buy your lam- 


we'll furnish the part 
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inated plastics from us and have us 
fabricate them for you. Call any of 
our representatives—located in all 
principal cities—for a quotation or 
write to Synthane Corporation, 4 


River Road, Oaks, Pa. 


CORPORATION Ss OAKS, PENNA. 


Sheets « Rods « Tubes « Fabricated Parts 
Molded-laminated « Moided-macerated 
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Large, small, 
regular or irregular... 
~~ designers depend on 


PROTOTYPE OR 
PRODUCTION PARTS 


iy ‘ Ren 
; ‘ rs , 
nes Figure on KAUPP 
“a *- for Precision 
mat Components of ~ 
2 
: e MU METAL 
e BRASS 
° INCONEL 
* ALUMINUM 
Precision formed by COPPER 
' CARBON STEEL 
hydrotorming, deep . STAINLESS STEEL 
NICKEL 
drawing or spinning MAGNESIUM 
TITANIUM 
Ultra modern plants equipped with high efficiency metal forming SILVER 
machines, plus experienced metal-working engineers, assure metal SPECIAL ALLOYS 
components of the highest accuracy. KAUPP craftsmen can work HAYNES STELLITE 
to closest tolerances and are thoroughly familiar with the problems 
involved in fabricating today’s modern metals for the most 
critical applications. Highest inspection standards insure rigid ty on eR > Mg me 
adherence to specifications on instrument cases, covers, weldments chure or recommenda 


: . pres tions on your specific 
and sub-assemblies for commercial and military electronics metal components 


x4> 
| Cc. B. 


KAUPP 


& SONS 


NEWARK WAY 
MAPLEWOOD, N. J. 


Tel. SOuth Orange 3-2490 


Metal Craftsmen since 1924 
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catalogs and bulletins continued 
(D-64) Balancing Machines—Catalog, 36 
pp. Discusses imbalance, methods of de- 
tecting, locating, correcting. Gives speci 
fications, capabilities of balancers. Gisholt 
Machine Co, 1245 E Washington Ave, 
Madison, Wisc 


(D-65) Stone Metal Finishing—Catalog, 
48 pp. Shows how finishing method 
works and its advantages. Presents speci- 
fications, floor plans, uses of machines. 
Gisholt Machine Co, 1245 E Washington 
Ave, Madison, Wisc. 


(D-66) Tracer Controlled Millers—Two 
brochures, 12 pp. Describes specifications 
and operation of automatic tracing mia- 
chines for two and three dimensional 
work. George Gorton Machine Co, 1312 
Racine St, Racine, Wisc. 


(D-67) Drilling and Tapping—Brochure, 
+ pp. Describes automatic, self-contained, 
hydraulically controlled units. The Govro- 
Nelson Co, 1931 Antoinette St, Detroit 
§ 


(D-68) Zinc Die Castings—Catalog, 8 pp. 
Gives zinc alloy properties, comparison of 
die casting with other methods and de- 
sign guides for designing for the process 
Gries Reproducer Corp, 159 Beechwood 
Ave, New Rochelle, NY. 


(D-69) Metal Expanders—Bulletin, 8 pp. 
Explains how expanders work and how to 
choose a machine and die setup for a 
job. Machines are hydraulically or me- 
chanically powered. Grotnes Machine 
Works, Inc, 5454 N Wolcott Ave, Chi- 
cago 40 


(D-70) Metalworking Machines—Bro- 
chure, 8 pp. Describes metalworking 
methods and machines—shrinkers,  ex- 
panders, coilers, roll formers, weld rollers 
and trimmers and seamers. Grotnes Ma- 
chine Works, Inc, 5454 N Wolcott Ave, 
Chicago 40. 


(D-71) Ultrasonic Equipment—Eleven 
bulletins, 27 pp. Presents capabilities and 
cleaners, foil 
soldering irons, drills. Gulton Industries, 
Inc, Vibro-Ceramics Div, 212 Durham 


Ave, Metuchen, NJ. 


specifications of Ww elders. 


(D-72) Vacuum Equipment—Data sheets, 
8 pp. Describes pressure gages, valves and 
oil diffusion pumps. High Vacuum Equip- 
ment Corp, Subs of Robinson Technical 
Products, Inc, 2 Churchill Rd, Hingham, 
Mass. 


(D-73) Electron Beam Welder—Brochure, 
4 pp. Describes vacuum welder for non- 
contaminating welds in refractory and 
reactive metals. High Vacuum Equip- 
ment Corp, Subs of Robinson Technical 
Products, Inc, 2 Churchill Rd, Hingham, 
Mass 
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(D-74) Injection .Molding—Brochure, 4 
pp. Describes hand operated machine for 
producing research and 
quantities. Hinchman Mfg Co, 259 First 
Ave East, Roselle, NJ. 


development 


(D-75) Investment Castings—Brochure, 
16 pp. Outlines manufacturing process, 
including ceramic shell technique. Advan 
tages discussed; company capabilities 
shown. Hitchiner Mfg Co, Inc, Milford, 
NH. 


(D-76) Marking Equipment—Brochure, 8 
pp. Describes machines for marking, dat- 
ing, coding and imprinting containers, 
wrappings. Industrial Marking Equipment 
Co, Inc, 655 Berriman St, Brooklyn 8, 
NY. 

(D-77) Drill Heads—Bulletin, 4 pp. Pro- 
vides specifications and dimensions of a 
unit designed for production runs of soft 
materials. Feed is by air cylinder. Bellows- 
Valvair, Div of IBEC, 230 W Market St, 
Akron, Ohio. 


(D-78) Rotary Index Tables—Bulletin, 12 
pp. Describes 13 and 26 in. tables which 
automatically index by air cylinder. Full 
range of controls for close tolerances 
Bellows-Valvair, Div of IBEC, 230 W 
Market St, Akron, Ohio 


(D-79) Drilling and Tapping Units—Bul- 
letin, 8 pp. Presents air powered, elec- 
trically controlled units with strokes to 3 
in. Drilling and tapping units accept a 
range of arill sizes from no. 80 to 
in. Bellows-Valvair, Div of IBEC, 230 
W Market St, Akron, Ohio 


(D-80} Rotary Feed Tables—Bulletin, 16 
pp. Shows 10 and 22 in. tables with air 
positioning, electrical control. Made for 
high production rates. Bellows-Valvair, 
Div of IBEC, 230 W Market St, Akron, 


Ohio. 
(D-81) Drill Press Feeds—Bulletin, 16 pp 


Provides dimensions and operating data 
for air electrically 
package for automatic or semiautomatic 
operation. Bellows-Valvair, Div of IBEC, 
230 W Market St, Akron, Ohio 


powered, controlled 


(D-82) Drilling Units—Bulletin, 8 pp 
Describes heavy-duty, self-contained unit 
with air powered feed, motor and timing 
belt head drive, electrical controls de 
signed for high production rates. Bellows- 
Valvair, Div of IBEC, 230 W Market 
St, Akron, Ohio 


(D-83) Balancing Machines—Bulletin, 4 
pp. Gives specifications and operation of 
portable vibration analyzers and balancing 
machines to handle workpieces to over 
1500 Ibs. International Research & Dc 
velopment Corp, Box 55, Worthington, 
Ohio 


(D-84) Master Gears—Catalog, 8 pp 
Gives tolerances and dimensions of pre- 
cision, fine pitch spur gears. Invo Spline, 
Inc, 2357 E Nine Mile Rd, Warren, 
Mich. 


(D-85) Cutting Tools—Catalog, 75 pp 
Provides illustrations and tables of sizes 
of taps, drills, end mills, rotary files and 
other tools. Jarvis Corp, 


Middletown, Conn. 


Pease Ave, 


(D-86) Tapping and Drilling—Catalog, 80 
pp. Contains parts lists, sizes, capacities of 
tapping attachments, multiple drilling and 
tapping heads and flexible shaft machines 
Corp, Pease Ave, Middletown, 


Jarvis 


Conn. 


(D-87) Stampings and Deep-drawn Parts 
—Bulletin, 4 pp facilities, 
capabilitics and examples of typical prod 
ucts. Johnson & Hoffman Mfg Corp, 31 
E Second St, Mineola, NY 


Presents 


(D-88) Punch Press—Catalog, 4 pp. De 
scribes 5 to 15 ton capacity production 
presses with safety features designed in 
to protect operator. Kenco Mfg Co, 5211 
Telegraph Rd, Los Angeles 22 


(D-89) Tumbling—Catalog, 17 pp. Pre 
sents information on wet and dry tumbling 
equipment and supplies for finishing 
metals and plastics. H W Kramer Co, 
Inc, 120-30 Jamaica Ave, Richmond Hill 
18, NY. 

(D-90) Saw Blades—Bulletin, 36 pp. Sup 
plics guides to selection and use of blades 
for metals and nonmetals. Includes tables 
of sizes and types. Ladish Co, 5481 S 
Packard Ave, Cudahy, Wisc 


(D-91) Induction Heating Equipment— 
Catalog, 36 pp. Explains principles and de 
scribes equipment for soldering, brazing 
and heat treating by high frequency heat 
ing. Lepcl High Frequency Laboratories, 
Inc, 55 St & 37 Ave, Woodside 77, NY 


(D-92) Induction Heating—Bulletin, 12 
pp. Two bulletins, 24 pp. Presents articles 
on brazing, soldering, zone processing by 
high frequency heating. Lepel High Fre 
quency Laboratories, Inc, 55 St & 37 Ave, 


Woodside 77, NY 


(D-93) Powdered Metallurgy—Three bro 
chures, 24 pp. Contain case histories of 
applications; tables of data. Metal Powder 
Industries Federation, 60 E 42 St, NYC 
17. 


(D-94) Honing—Brochure, 8 pp. Explains 
how process works, gives work capacity 
curves and brief specifications for pro 
duction machines. Also shows tools and 
abrasives. Micromatic Hone Corp, 8100 
Schoolcraft Ave, Detroit 38 


continued 
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only a Wauke-Sha Ceramic-Type Casting can 
duplicate the intricacy, smooth finish, soundness 
...to absolute tolerances...in unlimited size 


intricate parts with no costly machining 

hairline reproduction of detail 

no cracking or tearing 

no porosity, internal voids, cracks 

no surface gas holes, blemishes, non-metallic inclusions 


Absolute dimensional accuracy plus greatly increased heat and 
stress resistance are critical to today’s intricate designs. Wauke- 
Sha process will provide low-cost castings to fill these demands 
. .. castings which are, in many cases, more accurate than ma- 
chining, with “as cast” dimensional tolerances of +.005” per inch. 





Full design flexibility is a major advantage of this newly devel- 
oped casting technique. Thin-wall designs require no expensive 
machining; no fear of voids with light and heavy adjacent sections. 


For further information on Wauke-Sha Ceramic Type Cast- 
ings write: 


Dept. F-8, Waukesha Foundry Co., Waukesha, Wis. 
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Design assistance from Blaw-Knox can cut unnecessary 
weight, improve the service life of your product 


One of the ways in which the skill of 
experienced Blaw-Knox steel foundry- 
men can be first applied to your prod 
uct is in the construction of scale 
models of the finished steel casting. 
Coming at the preliminary design 
stage, scale models permit intensive 
study of ways of improving quality, 
eliminating weight, and minimizing 
machining. This design study, coming 
before master patterns are made, is 
conducted to uncover ways in which 
Blaw-Knox can add to the value of 
your product or reduce its cost. 
This practical design analysis, a 
feature of Blaw-Knox Steel Casting 
Service, is of invaluable assistance to 


designers and manufacturers. And be- 
cause Blaw-Knox, itself, is one of the 
world’s leading manufacturers of roll- 
ing mills and industrial machines, its 
steel foundrymen, from patternmaker 
to shipper, keep end-use requirements 
in mind every step of the way. 

If you are a designer or manufac- 
turer of a product using cast steel 
components, ranging from 50 pounds 
to 300,000 pounds, Blaw-Knox would 
like to send you a copy of our bro- 
chure which details the complete 
Blaw-Knox Steel Casting Service. 
Write to the Foundry and Mill Ma- 
chinery Division, 300 Sixth Avenue, 
Pittsburgh 22, Pennsylvania. 


This upper and lower cylinder blade ring for 
a steam turbine was cast and machined by 
Blaw-Knox. W eight— 55,000 pounds per half. 


BLAW-KNOX 


Stee/ Castings 
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New Design Opportunities Through Aluminum Forgings 


ee 


STEEL CONNECTING ROD ASSEMBLY 


ALUMINUM CONNECTING ROD ASSEMBLY 


Both of these connecting rods were designed for use in the same automotive air conditioning compressor. 


WHICH CONNECTING ROD COSTS LESS ? 


One glance tells you it’s the aluminum connecting rod 
at the right. Two pieces are easier and less expensive 
to fabricate than five. 


By designing this connecting rod as a Kaiser Alumi- 


num forging, Lennox Tool & Machine Builders of Lima, 
Ohio, cut costs for their customer, Airtemp Division, 
Chrysler Corporation. 

The steel connecting rod formerly used required five 
different pieces, including three bronze inserts for wrist 
pin and crankshaft bearings, plus two connecting rod 
bolts. Plenty of precision machining was also required. 

The new aluminum connecting rod consists of only 
two pieces, plus the two connecting rod bolts. For this 


KAISER 
ALUMINYU. 


THE BRIGHT STAR OF METALS 


“TRADEMARK HAIBER ALUMINUM & CHEMICAL CORP, 
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part, the forging itself was bored to provide a hard 
mirror-finish surface for wrist pin and crankshaft bear- 
ings, thus eliminating the three bronze inserts. 

Strength? The aluminum forging meets every 
strength and dimensional stability requirement speci- 
fied for the compressor application. In fact, the life 
expectancy of forged aluminum rods and steel rods 
with bronze insert is virtually the same! 

This is another example of how strong, lightweight 
Kaiser Aluminum forgings can simplify design and cut 
material, machining and assembly costs. To find out 
how Kaiser Aluminum forgings can save you money, 
mail the coupon now! 


Kaiser Aluminum & Chemica! Sales, inc. 
Dept. FO-124P, Kaiser Center 
300 Lakeside Drive, Oakland 12, Calif. 


Please send me the latest aluminum forgings design packet 
describing the many advantages of aluminum forgings for 
commercial use. 


a ee a a 
COMPANY. 

TI renter gpisnnngpirmaggrrangereneetmmennererepenemnennsiemmniaisncsememmacninis 
oe ee 
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catalogs and bulletins continued 


Pp er q ora t e d (D-95) Surface Roughness—Catalog, 12 


pp. Presents specifications for equipment 


rr a t e r 1 a 1 Ss and attachments for measuring, indicating, 


recording roughness. Micrometrical Mfg 


a perfect medium Co, Box 1067, Ann Arbor, Mich 
(D-96) Tackle Blocks—Bulletin, 4 pp 


Describes single, double and triple manila 
and wire rope blocks and gin blocks 
Moline Iron Works, Moline, Il 


(D-97) Five-chaser Threading Tool—Bul 
letin, 7 pp. Describes tool for producing 
more accurate thread on pieces with flats 
keyway slots or drilled holes. The National 


with functional or Wherever a product requires Acme Co, 170 E 131 St, Cleveland 8 


the passage or control of 


(D-98) Clamps and Jig Components— 
ecorative uses I g I 
AIR Catalog, 18 pp. Shows knobs, v-blocks, 


Harrington & King can perforate the proper jig feet, step blocks, set-up sets and others 
design, pattern and open area in practically SOUND ~~ Gives templates for all items. North 
any metallic or non-metallic material avail- western Tools, Inc, 117 Hollier Ave, 
able in coils, sheets or plates—from foil-thin Dayton, Ohio 

to1” thick. Specify H&K perforated materials FLUID 

on your next job. or just for their in- 

herent cesthetic qualities, H 
Write for General Catalog No. 75, Today! perforated metals can serve you and methods of tank and ultrasonic clean 


(D-99) Cleaning and Surface Treating 
Brochure, 28 pp. Describes compounds 





‘. ing, pickling, paint stripping, others 


- - : 
"7 [arrington Me ing {me Maze Oakite Products, Inc, 19 Rector St, NYC 


PERFORATING CO. INC. suites Rages 6 
Chicago Office and Worehouse * New York Office and Warehouse Sea 
5718 Fillmore Street 114 Liberty Street e Listed Under 
Chicago 44, Illinois New York, New York “Perforated Metals” 
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(D-100) Automatic Filter—Brochure 

pp. Diagrams operation; lists flow rates for 
different liquids, and dimensions of in 
pressure type Olson ‘Filtration 


Engineers, Div of American Laundry Ma 
chinery Co, Ross & Section Aves, Cin 


(D-101) Sander—Bulletin, 8 pp. Describ 

mbination drum and belt sander for pl 
vood and iwcered panel Yates-Amer 
in Machine Ce 729 Fourth St, Beloit 


Wi 





(D-102) Plastic Injection Molding—Cata 


For BETTER POWDERED METAL PARTSIag? 2°" Sse 

matic machines with 4 to 32 oz capacity 

+ ed-Prentice Div, Package Machine 

Specify 330 W Chestnut St, E Longmeadow 
QUALITY ° PERFECTION - sis : 

(D-103) Vibrating Finishing Machines 

UNFAILING PERFORMANCE : Bulletin, 4 pp. Machines substitute vibra 


tion for tumbling Amplitude and fr 


quency are controllable. Pangborn Corp 
Originators of sintered helical gears. Master Hagerstown, Md 
craftsmen in producing highest quality, dimensionally ; (D-104) Spring Coilers—Brochure, 8 pp 
perfect parts from powdered metal in Brass, Bronze, Mustrates and describes typical applica 
Copper, Nickle Silver, Steel, Iron, Iron Alloys cei tions of hand, power, variable speed. and 


aan Copper Infiltration. automatic models. Perkins Machine & 
Gear Co, Circuit Ave, W_ Springfield 


WRITE FOR CATALOG AND TECHNICAL BULLETIN. Mass 
POWDERED METAL DIVISION (D-105) Machine Tools and Components 


Ni Ee RRI MAN BROS., INC. Bulletin, 35 pp. Illustrates and Cuceibes 


boring machines, motors, arbors, wheel 
ORIGINATORS OF SINTERED HELICAL GEARS . 
holders, spindles, special machinery. Pope 
185 Amory Street Boston 30, Mass. Mact C 261 River St. H hill 
REPRESENTATIVES IN PRINCIPAL CITIES aay Lap, os ae SS, ee 
793 Laurelton Rd 100 Beach Rd. Mass 
Rochester 9, N. Y Massapequa, Long Island, N. Y. continued 
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"Hot-Chot Asem bling" 





with MADISON-KIPP 


zinc and aluminum die castings 


‘“Hot-shoi assembling”’ is a shop term but 
it is literal, because inserts are put in place 
and liquid metal under high pressure is 
shot into the die to surround and anchor 
the inserts in the die casting. 

In many cases the advantages of cast-in 
inserts provide substantial cost savings 


even though the casting process is slower 


than when no inserts are involved. 

The seasoned and skilled Madison-Kipp 
mechanics have had long experience in 
“hot-shot assembling.’’ They may be able 
to assist you in your problems. 

Please clip this ad as a reminder to 
contact us when you have die casting 


requirements. 


e)ie MADISON-KIPP CORPORATION 
206 WAUBESA STREET + MADISON 10, WIS., U.S.A. 


Ak 


Skilled in Die Casting Mechanics e@ 


Experienced in Lubrication Engineering Originators of Really High Speed Air Tools 


PRODUCT ENGINEERING — Mid-September, 1960 CIRCLE 189 ON READER SERVICE CARD 189 





| D | FABRICATION AND PRODUCTION PROCESSES 


For product identification or decoration... | 


protection of physical property. . . 
operating instructions or wiring diagrams... 
temperature or pressure charts... 


point of purchase promotion... 


quality serves QUALITY | 


“Property Of’’ METAL-CALS, Embossed METAL-CALS 
serialized at the factory provide three-dimensional 
or at the point of application, identification for your 
speed checks of valuable product or part. 


property. 
E aé *\ 
. & 


METAL-CALS can 
provide operational 


information and 


UNITED 


in any die cut 


shape or size, 
New SCRIPTCALS can 
duplicate the “floating 
letters” of your trade mark 
No supporting background is required 


METAL-CALS also 
serve as inexpensive, 
versatile and 
effective point- 
of-purchase 
identification 

and promotion 


We've made billions of Metal-Cals 

... because thousands have chosen the original pat- 

ented anodized aluminum foil product identification 

device, MeTAL-CAL, for their varied needs. 
METAL-CAL permanence, color, adhesion and ease 

of application have been proved —by thousands of 

manufacturers who demand a superior product... 

for a superior product. 

For full information on how Metat-Cats can serve you as 


IDENTIFICATION ... PROTECTION ... DECORATION 


Write for literature and free samples 


(Satisfaction .. . Since 1903] 


MECHANICAL RUBBER PARTS 





to your order 


MOLDED, 
PUNCHED, 
EXTRUDED 
or CUT..... 


in NATURAL, 
SYNTHETIC 

or SILICONE 
COMPOUNDS 





Covered Rolls, Silicone Rubber Parts 





We Specialize in producing Rubber 


and Bonding Rubber to Metal. 


We also produce... Bushings, Rings, 
Gaskets and Washers * Slab and Sheet 
Rubber * Rubber Tubing and Cord * 
Cylinder Spring Rubber * Rubber 


Bumpers in bulk. Send for 


} WILBOW Catalog 





PHONE: BISHOP 2-1640 


The WILLIAMS-BOWMAN RUBBER Co. 


1945 South 54th Avenue Cicero 50, Illinois (Chicago Suburb; 


. 
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COMPLETE FILTRATION FOR 
SUB MICRON PARTICLES 


| Handons 
AIRPURE 


Absolute Filters 


Airpure absolute Filters combine the greatest dust 
holding capacity with the lowest resistance factor. 
© 15% more dust holding capacity because of 


larger filter medium area 














C & H SUPPLY COMPANY 
415 East Beach Avenue 
Inglewood 3, California Manufactured in 


the United Kingdom by: 


FWWalby & [ons Tinited 


Manufactured in 
Canada by 


"sJonergin €0.. 1c 


MONTREAL. CANADA 
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¢ Filter medium has no binder to clog pores 
* Filter medium has low initial P.D. 


1000 CFM @ .75” W.G 


Rate it either way 
1300 CFM @ 1.00” W.G. 


Many models available for a wide variety of ap- 
plications. 


Send for 44-Page Filtration Catalog 


FOREMOST PRODUCERS OF ABSOLUTE FILTERS 
FOR AEC INSTALLATIONS 


10>) Gr ar:: 
Flandow Fibtow inc RERREAP 
, ae SSS 
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AIRPURE 
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Catalogs and Bulletins continued 


(D-106) Machine Tools—Catalog, 36 pp. \ () uh) ( VE else 


Describes machine tools, cutting tools, 

gages, measuring and inspection machines / 

ncluding many automatic and tape-con CU // YO H/ du lf 
. ° 


rolled machines. Pratt & Whitney Co, 


Charter Oak Blvd, W Hartford, Conn Wore EXPERI ENCE «aa 


(D-107) Thread Rolling Machines—Two 
bulletins, 16 pp. Provides specifications 
for two and three cylindrical die machines 
for work diameters up to 4 in Reed 
Rolled Thread Die Co, 791 Main St, 
Holden, Mass 


(D-108) Thread Rolling Attachment—Bu! 
etin, 8 pp. Describes a two cylindrical 
die attachment for screw machines or auto 
matic lathes Reed Rolled Thread Di 
Co, 791 Main St, Holden, Mass 


(D-109) Thread Rolling Dies—Bulk +. 
pp. Tells how to select and gives speci ; “a : 
ms of flat dies for reciprocating ma- | ...in the design, development, ...in the design and manufac- 


hines. Reed Rolled Thread D o, 79 and manufacture of aerial de- ture of lightweight missile 
Main St, Holden, Mass | livery systems. support cabinets and consoles. 


(D-110) Spline Rolling Machine—Bulletin, 
pp. Describes cylindrical die machin 

for rolling external involute splines and 

errations. Reed Rolled Thread Die Co, 
)1 Main St, Holden, Mass 


(D-111) Titanium Pechniques— Bulletin, 
’4 pp. Describes techniques for forming 
ind joining titanium and titanium alloy 
icet Includes physical properties and 
formulae for sheet metal forming. Repub 

Steel Corp, 1441 Republic Bldg, Cleve 


nd " . ; 
_ . in the design and manufac- ...in high precision manufac- 


ture of magnesium gun turret ture of satellite structural 


/ 5 . . _ é 
(D-112) Corrosion Resistant Dip Pipes enclosures. assembiies. 


Brochure, + pp Teflon lining in_ these 
dip pipes, spargers, thermowells and nozzle 
liners stands up to chemicals and high 
temperatures. Restoflex Corp, Woodland 
Rd, Roseland, NJ 


(D-113) Turret Punch Press—Catalog, 14 

pp Gives capacities, specifications of 

manual and air-hydraulic operated models 
us punch and die sets. Rotex Punch ( 
Alvarado, San Leandro, Cal 


(D-114) Metalworking—Catalog, | 
Gives specifications and apacitic 
benders, brakes, punch press pring ...in the design and manufac- ...in the design and manufac- 
vinders and other metalworking ma ture of lightweight radar reflec- ture of housings, transit cases, 
hinery. O’Neil-Irwin Mfg Co, 425 Eighth tors, plotting board systems pressurized equipment and 
Ave Sale Cite. iilen and related equipment. containers. 


(D-115) Vertical Mill—Bulletin. 4 pp .. in the design and production of all types of lightweight 


Describes small mill with five spindle | assemblies— of magnesium, aluminum, titanium, zirconium 


speeds, tiltable head, 5 by 20 in. tabk | and pap. gin 
Rotex Punch Co, Inc, 2350 Alvarado, San ‘ of 
Leandro. Cal Write for Magnesium and Titanium Data Book and 


more information about B&P’s unique experience. 





(D-116) Bench Miller—Bulletin, +4 pp 


Presents horizontal arbor, 5 by 20 in 


power feed table mill for model, small pro BROOKS Ae PERKINS, INC. 


luct wk. Rotex Punch Co, Inc, 2350 
ney cg rap gee tee thas 1956 WEST FORT ST. e¢ DETROIT 16, MICHIGAN 
\lvarado, San Leandro, Cal 61-T-1 


ontinued 
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Which of these custom molding services 


fEX STOKES MOLDED PRODUCTS [S 


192 


can you use fr 


CUSTOM MOLDING TO 
SMALL 


RUNS 
100 
TO 
1,000 
PIECES 
IN HARD RUBBER 
OR PLASTICS 


For complicated assemblies of 
weights up to 50 Ibs (in rubber 
compounds) or up to 8 Ibs (in 
plastics), many times we are able 
to suggest different mold designs 
which result in a one-piece part 
which needs little or no machining 
and drastically reduce previously 
required assembly time. 


Our prices are competitive for 
plastic molding of parts up to 200 
projected square inches and for 
molding rubber pieces up to 400 
projected square inches. 


Case histories are available for 
your consideration. Please specify 
resistance and stress require- 
ments. No obligation for quota- 
tion and analysis. 


_STOKES MOLDED PRODUCTS 
1022 WEBSTER STREET 
TRENTON 4, NEW JERSEY 


(-] Send us case histories, 


[] Phone us to discuss our require- 
ments. 


[] We are sending blueprints and 
requirements for a quotation and 
analysis without obligation. 

NAME 


FIRM 
ADDRESS. 

CITY ____.__--_- ZONE_ STA TEs 
PHONE 














fi STOKES MOLDED PRODUCTS [& 
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om STOKES 


CUSTOM MOLDING OF 
COMPLICATED 
PARTS, 
CLOSE 
TOLERANCES 
OR 
INTRICATE 
MATCHING 
PIECES IN 
HARD RUBBER 
OR PLASTICS 


For chemical processing and han- 
dling applications where short 
production runs are used, in many 
cases we can mold parts to re- 
place expensive machined-metal 
castings of high-grade stainless 
steels, hastaloys, stellites, etc. 


For parts of up to 400 projected 
square inches, we can frequently 
mold one-piece parts which re- 
quire little or no machining before 
being used. 


For a quotation and analysis with- 
out obligation, send us your re- 
sistance and stress requirements, 
with blueprints. 


STOKES MOLDED PRODUCTS 

1024 WEBSTER STREET 

TRENTON 4, NEW JERSEY 

C) Send us case histories, 

C] Phone us to discuss our require- 
ments. 

() Are sending blueprints, resistance 
and stress requirements for quota- 
tion and analysis without further 
obligation. 

NAME 

FIRM 

ADDRESS. 

a EE ee 


PHONE 
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Catalogs and Bulletins . .continued 
(D-117) Conveyor Belting—Brochure, 4 
pp Tells about chemical 
temperature range, loading and other char 
acteristics of a neoprene impregnated gen 
eral purpose conveyor belting. The Rus 
sell Mfg Co, 400 E Main St, Middletown, 
Conn 


resistance, 


(D-118) White Cotton Conveyor Belt 
ing—Brochure, 4 pp. Weight, strength, 
temperature range are some data given on 
this smooth, white belting. The Russell 
Mfg Co, 400 E Main St, Middletown 
Conn 


(D-119) Power Rectifiers—Data folder, 40 
pp- Electroplating, battery charging, dc 
power sources and other equipment us¢ 
metallic rectifiers. Sel-Rex Corp, 75 River 
Rd, Nutley 10, NJ 


(D-120) Plating Method—Brochure, 4 pp 
Shows using 
without immersion tanks 


mobile 
Plating applied 
with solution saturated stylus. Sifco Meta 
chemical, Inc, 935 E 63 St, Cleveland 3 


process equipment 


(D-121) Screen Separator—Brochure, 22 
pp. Sorts wet or dry materials by size 
Uses, sizes, capacities given. Vibro-Equip 
ment Div, Southwestern Engineering Co, 


4800 Santa Fe Ave, Los Angeles 58 


(D-122) Mill—Brochure, 17 pp. Describes 
mill which vibrates grinding media to 
obtain ultrafine end product Vibro 
Equipment Div, Southwestern Engineering 
Co, 4800 Santa Fe Ave, Los Angeles 58 


(D-123) Vibratory Materials 
Equipment—Catalog, 68 pp 
brief feeders, 
screens, conveyors plus other equipment 
including lapping machines and weighing 
machines. Syntron Co, 240 Lexington 
Ave, Homer City, Pa 


Handling 
Provides 


specifications of shakers, 


(D-124) Resistance Welders—Brochure, 12 
pp. Illustrates and describes 32 multispot 
and projection machines for automatic 
operation. Taylor-Winfield Corp, 1052 
Mahoning Rd, Warren, Ohio 


(D-125) Knives, Ways and Rolls—Catalog, 
58 pp. Shows those products above and 
more for use in machinery, metalworking, 
iron and steel, pulp and paper, woodwork 
ing industries. Tool Steel Gear & Pinion 


Co, Cincinnati 16 


(D-126) Chemical Milling—Brochure, 12 
pp. Describes capabilities of the company 
and the technique where conventional 
methods are difficult or impossible. US 
Chemical Milling Corp, 1700 Rosecrans 
Ave, Manhattan Beach, Cal 


(D-127) Semi-automatic Mill—Bulletin, 4 
pp. Describes a small, low cost produc 
tion mill and attachments. Rotex Punch 
Co, Inc, 2350 Alvarado, San Leandro, Cal 


continued 





FORGINGS 


SAND CASTINGS 





SINTEEL® POWDERED 
METAL PRODUCTS 
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THE MAN FROM 


MUELLER BRASS CO. 
REPRESENTS ONE DEPENDABLE 
SOURCE FOR COPPER, BRASS, 
ALUMINUM AND PLASTIC PRODUCTS 


Because the diversified facilities of his company encompass a wide range of manufacturing 
methods, the Man From Mueller Brass Co. is in the unique position of being able to offer 
you an inteiligent, unbiased analysis and recommendation of the one best method of 
producing your particular part. When you are designing, specifying and purchasing 
fabricated parts... call in the Man From Mueller Brass Co. You will get the best product 
at the best price . . . made the one best way! 














COLD-PREST® IMPACT SCREW MACHINE 
EXTRUSIONS PRODUCTS 





SPECIAL ALLOY ROD 
FORMED FOR FORGINGS AND 
COPPER TUBE SCREW MACHINE PRODUCTS 


MUELLER 
s co 


MUELLER 
BRASS CO. 


PLASTIC SHAPES AND PORT HURON 22A, 


INJECTION MOLDINGS M | C H | G A N 
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Photo-elastic stress patterns produced by models photographed with polarized light are one 


of the modern analytic tools available for ever-increasing perfection of Malleable iron castings 


For Greatest Strength Per Dollar...Use( Malleable 


Toimprove quality and cut costs, you'll find nothing jrawings or an outline of your requirements to a 
better than Malleable iron castings. They provide nearby Malleable castings producer who displays 
more strength per dollar than any other metal this symbol 

ferrous or non-ferrous! With Malleable you also 

get proven toughness, uniform quality and un 


surpassed machinability 


See for yourself how much Malleable castings will 


improve your products and cut your costs. Send 


For detailed informatior n ‘Strength Characterist of > Iron Castings contact any of the progressive 
& - y t 2 


companies listed on the opposite page, or Mallieablie Castings Coun Jnion Commerce Building, Cleveland 14, Ohio 
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“Value Analysis” Proves— 
Malleable Castings Improve Quality, Reduce Costs 


When “Value Analysis” is your task, consider these 
witstanding advantages of Malleable iron castings: 
.ore strength per dollar than any other metal, ferrous 

or non-ferrous; exceptional machinability; metal exactly 

and only where it is needed; job-proven toughness. 


Wide Range of Desirable Properties Available in Malleable 


Standard and pearlitic Malleable irons are available 
with strengths ranging from 50,000 p.s.i. to 120,000 
p.s.i. tensile. 

Note in this table the high ratio of yield strengths to 
tensile strengths — especially important to you because 
yield strength is generally the measure of useable strength. 


TENSILE PROPERTIES—A.S.T.M. MINIMUM SPECIFICATIONS 


Standard and Pearlitic Malleable Irons 





Yield as a 
Percent of Tensile 


Tensile Strength Yield Strength 


Designation p. s.i. p. 6. 8. 


| Standard 
35018 


32510 
g Pea rlitic 
45010 
| 45007 
| 48004 





35,000 66 
32,500 65 


53,000 
50,000 











45,000 69 
68,000 45,000 66 

70,000. 48,000 69 
[50007 75,000. 50,000 67 
| 53004. 80,000 53,000 | 66 
60003. #480000 


 — 


65,000 




















60,000 — 75 
80,000 80 




















Strengths up to 135,000 p.s.i. tensile and 110,000 p.s.i. yield are 
produced commercially under individual producers’ specifications. 


Other Mechanical Properties 
Standard 
Modulus of Elasticity in Tension, p.s.i 25,000,000 
Ratio of Fatigue Strength to Tensile Strength 0.54 0.40 — 0.50 
Shear Strength — % of Tensile Strength 80 — 90% 70 — 85% 
Torsional Strength Approximately equal to Tensile Strength 
Compressive Strength, p.s.i, 200,000 250,000 


Pearlitic 
26,000,000 — 28,000,000 


Switch to Malleable Saves 47% on Railroad Car Thrust Collar 


One of countless examples of cost reduction obtained 
by changing from other materials or processes to Mal- 
leable castings is this thrust collar used on railroad 
maintenance cars. While the steel part formerly used 
performed satisfactorily, it cost 99¢ before machining. 


The cost of the standard Malleable casting before 
machining is only 51.7¢ — a saving of 47.3¢! Added to 
this, four machining operations — drilling of bolt hole, 
spot facing for bolt head and nut, milling the sleeve 
slot and sawing the transverse slot — were eliminated 
by switching to a casting. All remaining machining 
operations are improved due to Malleable’s exceptional 
machinability. 


Former part before 
machining (99¢) 
Malleable casting 
before machining 
(51.7¢) 


Cost-Saving Engineering Assistance Available 


The kind of engineering assistance that cut costs and 
improved product quality for these companies and 
thousands of others is available to you from any of the 
progressive producers of Malleable castings that are 
members of the Malleable Castings Council. Start in- 
creasing your product profitability right now — con- 
tact any of the companies listed below. 


Free Information Folder 


Your copy of an informative folder, 
Data Unit 110—Malleable Castings in 
the Value Analysis Spotlight, is avail- 
able free from the Malleable Castings 
Council, Union Commerce Building, 
Cleveland 14, Ohio, or from any mem- 
ber company. 





For Service In Your Area Contact... MASSACHUSETTS 


CONNECTICUT 


Connecticut Mall. Castings Co., New Haven 6 
Eastern Malieable Iron Co., Naugatuck 
New Haven Malleable Iron Co., New tiaven 4 


DELAWARE 





MINNESOTA 
Eastern Malleable tron Co., Wilmington 99 


ILLINOIS 


Central Fdry. Div., Gen. Motors, Danville 
Chicago Malleable Castings Co., Chicago 43 
Moline Malieable tron Co., St. Charlies 

National Mail. and Stee! Castings Co., Cicero 50 
Peoria Malieable Castings Co.. Peoria | NEW YORK 
Wagner Castings Company, Decatur 


INDIANA 


Albion Malleable tron Compan 

uncie Division, Muncie 
Link-Belt Company, Indianapolis 6 
National Mall. & Steel Castings Co., Indianapolis 22 OHIO 


Northern Malleable tron Co., St. Paul 6 


MISSISSIPPI 


NEW HAMPSHIRE 


towa Malleable tron Co., Fairfield 


' 
—— 


For Quality and Economy...Use 


Belcher Malleable tron Co., Easton 
ICHIGAN 


Albion Malleable Iron Co., Albion 

Auto Specialties Mfg. Co., Saint Joseph 
Cadillac Malleable tron Co., Cadillac 
Central Fdry. Div., Gen. Motors, Saginaw 


Mississippi Malleable tron Co., Meridian 
Laconia ~~ ee tron Co., Laconia 


Acme Stee! & Mall. Iron Works, Buffalo 7 
Frazer & Jones Company Division 

astern Malleable Iron Co., Solvay 
Oriskany Malleable tron Co., inc., Oriskany 
Westmoreland Mall. lron Co.. Westmoreland 


IOWA American Malieable Castings Co., Marion 
Central Fdry. Div., Gen. Motors, Defiance 
Dayton Mali. tron Co., ironton Div., ironton 


a oe Oe ae 9 


Dayton Mail. Iron Co., Ohio Mall. Div., Columbus 16 
Maumee Malleable Castings Co., Toledo 5 
National Mall. and Steel Castings Co., Cleveland 6 


PENNSYLVANIA 


Buck tron Company, Inc., Philadelphia 22 
Erie Maileable iron Co., Erie 

Lancaster Malleable Castings Co., Lancaster 
Lehigh Foundries Company, Easton 
Meadville Malieable Iron Co., Meadville 
Pennsylvania Malieable tron Corp., Lancastes 


TEXAS 


Texas Foundries, tnc., Lufkin 
WEST VIRGINIA 


West Virginia Mall. tron Co., Point Pleasant? 
WISCONSIN 


Belle City Malleable tron Co., Racine 

Chain Belt Company, Milwaukee 1 

Federal Malleable Company, inc., West Allis 14 

Kirsh Foundry Inc., Beaver Dam 

Lakeside Matleable Castings Co., Racine 

Milwaukee Malleable & Grey Iron Works, Milwaukee 46 
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GEARS od POWDER METALLURGY 


Take advantage of the highest quality powder metallurgy available 

today! If you use hobbed gears—or other structural parts—in quan- 

HI DENSITY tity, Supermet Hi Density parts can save you big money. At a single 
pressing all of the gears above are produced 90% of theoretical solid, 

E carburized conventionally, and given after-treatments such as plating 
CARBURIZED (you can’t do this with ordinary powder metal parts). Supermet 
makes gears up to 1.25 sq. in. cross-section tc your specs in iron, 

REPLACE HOBBED GEARS alloy steel, carbon steel or stainless. We regularly work to ASTM 
B309-58T Class A and B densities. Because of our modern, fully 

equipped toolroom, we can readily fabricate and maintain your tooling. 


SUPERMET DIVISION 
GLOBE INDUSTRIES, INC. 


1466 Cincinnati St. Send a part print today for a prompt engineering analysis—take 
advantage otf the strength of steel with the economy of powder 





Supermet is often the “supplier of last resort’—we deliver on 


time those dificult powder metal parts on which others fail 


Dayton 8, Ohio 


free technical literature metallurgy 
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Here are precision ny US F 


WIRE STRAIGHTS | 


ee THE 
READERS’ 








Art wire manufactures wire 
Straights in diameters from 
.005 to .125, and in lengths 
to 8 ft., all dimensions held 


to close tolerances. Ends are 


square Cut and virtually burr- 
free, with surface markings 
minimized 


For bead wires, leads for her- 
metic seals, semi-conductors 
and other applications, Art 
Wire is your most dependable, for: 
most economical source of 
supply. Straights are available eae 

in ferrous, ‘shtanties and : additional product 
precious metals — all al- 4 4 
loys. Non-standard wire diam- information 
eters and alloys stocked by 
special arrangement. 





copies of catalogs 


ART WIRE AND STAMPING CO. & bulletins 


36 Boyden PI., Newark, N. J. 
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For FAST quotations on custom 
boxes, cabinets and enclosures. . 


It pays to get figures from 


KEYSTONE 


Keystone now has a complete design 
and build service with all facilities to 
produce special boxes, cabinets and 
enclosures of any type or size to meet 
your exact requirements! Send your 
blueprints or sketches today — you'll 
receive a quotation promptly! 


KEYSTONE 


MANUFACTURING CO. 





Division of 
Avis INDUSTRIAL CORP 
23338 Sherwood Ave. . Warren, Mich. 
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catalogs and bulletins continued 


(D-128) Polyethylene Annealing—Bulletin, 


4 pp 
ylene film property changes caused by an- 
nealing. US Industrial Chemical Co, Div 
of National Distiller & Chemical Corp, 
99 Park Ave, NYC 16 


Describes equipment and polyeth 


(D-129) Toggle Clamps—Catalog, 16 pp 
Presents over 80 dimensioned drawings of 

Wespo 
26935 W 


work holding clamps and pliers 
Div, Vlier Engineering Corp, 
Seven Mile Rd, Detroit 40 


and Fixture Details— 


Shows dimensions 


(D-130) Clamps 
Catalog, 14 pp 


drawing of components for making up jigs 


and 


and fixtures without specially made parts 
Wespo Div, Vier 
26935 W Seven Mile 


Engineering Corp, 


Rd, Detroit 40 


(D-131) Stampings—Brochure, 4 pp. Ex- 
plains methods and capabilities for produc 
ing stampings in small quantities. WLS 
Stamping Co, 3292 E 80 St, Cleveland 


(D-132) 
12 pp 


Sheet Metal Fabricator—Catalog, 
station machine 
Svitable 
for up to medium production runs. Wales 
Strippit, Inc, Unit of Houdaille Industries, 
Inc, Akron, NY 


} 
Describes single 


for punching, notching, nibbling 


De- 
and 


(D-133) End Mills- 4 pp 


and end mills with 2 


Brochure, 
scribes holders 
ut diameters from 2 to 
3000 Woodhill 


shanks and « 
Weldon Tool Co, 
Cleveland 4 


24 in 
3 in 
Rd 
. 


Tools 


(D-134) Cutting 


Describes milling, 


Catalog, 32 pp 
boring, contouring cut 
ters, 
loo] & Engineering Co, 5320 I 


ton Blvd, Los Angeles 22 


special tools and others. Wetmore 
Washing 


(D-135) Planer and Matcher—Bulletin, 12 
PP 
machines for sizing and cutting profiles in 
lumber Yates-American Machine Co, 
729 Fourth St, Beloit, Wisc 


Describes direct motor or belt driven 


(D-136) Filters—Brochure, 6 pp. Presents 
filters, stills, flotation gear to 
clean coolants, oils and solvents. US Hoff 
man Machinery Corp, Box 214, Eastwood 


Sta, NY 


separators, 


Svracuse, 


(D-137) Cold Roll-forming—Catalog, 88 
PP 
tages of process; capabilities of equipment 
Provides information on designing for 
process. The Yoder Co, 5561 Walworth 
Ave. Cleveland 2 


Discusses scope, economics, advan 


(D-138) Heat Exchangers—Bulletin, 
Tabk 5 
liquid flow data 
Admiralty metal 

hine Co, Beloit, Wisc 


5 DT 
PP 


list dimensions, heat transfer and 
Shells are of steel, straight 
Yates-American 


tubes 


Ma 


(D-139) Stainless Steel Heat Exchangers— 
Bulletin, One,. two 
units have fixed bundles of 
Yates-American Machine Co, 


+ pp and four-pass 
316 stainless 


Beloit, Wisc. 
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FABRICATION AND PRODUCTION PROCESSES 


ma Ob obin-re! 
Piving 
makes good 
business 
sense, too!”’ 


Every business has a vital stake in the welfare of its community. The businesslike way to protect these 
interests is to support your community The United Way. Your United Fund or Community Chest Campaign 
takes care of many community needs without the confusion and waste of separate appeals. 

Your company can contribute in three important ways! m Make sure your coripany makes a generous 
corporate contribution. It helps protect the welfare of your employees and customers. gs Help your employees 
meet their obligations through easy payroll payments. Experience shows this often doubles, even triples, 
results. g Stimulate executive participation in support of your local fund. Such participation helps safeguard 
the dollar investment made by your company and its employees. 

Remember, giving The United Way helps your community and your company. GIVE THE UNITED WAY 
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FITTING SINTERED 
BEARINGS 


metal 
superior to solid bearing shells when 
preclude regular 
replenishment of lubricant, and thus 
find 


Porous bearings are much 


service conditions 


wide application in office ma- 
chinery, domestic appliances and the 
like. Although the ability to operate 
for long periods without attention is 
the characteristic of 
porous bearings, and is usually the de- 
ciding factor in their adoption, they 
offer other substantial advantages. 
The installed cost of a porous bearing 
than that of 

solid bearing and, 
vided that the bearing is correctly 
chosen for service and is properly 
fitted, the actual bearing characteris- 
tics compare very favorably with those 


most obvious 


is nearly always less 


conventional pro- 


of solid ones. 

[his is particularly the case with 
light loads and high speeds, for al- 
though the starting torque is appreci- 
ibly higher in the case of the porous 
the coefficient of friction 
running conditions is consist- 
than that of the solid 
The accepted parameter, 
viscosity X superficial velocity/load, is 
plotted against friction. 
ty of the porous bearing becomes more 
marked 


bearing, 
under 
ently lower 


equivalent 
he superiori- 


increases or load 
This highly favorable char- 
attributable to the fact 
that, the surface being fed by capil- 
larity, 


as velocity 
decreases. 
acteristic 1s 


1 porous bearing operates al- 


ways under conditions of thin-film 
lubrication. 


“Choosing and Fitting Porous Metal Bearings,” 
Mechanical World, March 1960, 31 King St 
West, Manchester, England. 


* 


Synthetic Lubricant Research 

his 
of the 
thetic 


survey of synthetic lubricants up to 


article presents briefly some 
chemistry of 


and brings the 


elementary syn- 


oils and greases 

date 
Literature published on synthetic 

and 
its 


To review even 


lubricants is already enormous 


shows no signs of dimirishing 


present rate of growth. 
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Lees 


one class of synthetic lubricants in 
detail would require a 
ume. Of necessity this review touches 


on high points only. 


sizeable vol 


Research, Lubrication, 
42nd St, New 


Lubricant 


1959, 135 East 


“Synthetic 
November 
York 17. 


* 


Strength-rating Helical Gears 

After discussing factors for rating 
strength of helical gear teeth as ap- 
plied in the formula developed by 
American Gear Manufacturers Assn’s 
Gear Rating Committee, a new ap- 
proach is described. This combines 
different concepts of geometry factors, 
an improved evaluation of dynamic 
loads, rational allowable risk 
or reliability considered as a statistical 
probability. Effects of operating error 
and load-distributing tooth flexibility 
are also included. 


stresses, 


of Factors Used for Strength 
E. J. Wellaver, Falk 
ASME, 29 W 


“An Analysis 
rating Helical Geors,” 
Corp; ASME paper 59-A-121. 
39th St, New York 18. 


* 
Gear-position Error 


Recently, requirements 
sion in such aspects of gear perform- 


for preci- 
ance as control of angular position has 
shortcomings in current 
specifications procedure, 
and inspection techniques. This paper 
discusses nature of position error and 
total composite error, relative 
limitations and applications. Informa- 
tion is included on equating 
and total composite error, and specifi- 


revealed 
terminology, 


their 
pos:tion 


cation procedures for high-precision 
gears. 


Error Control,” George W 
Precision Laboratory Inc; 


ASME, 29 W 39th St, 


“Gear-position 
Michalec, General 
ASME paper 59-A-21 
New York 18. 


* 


Simplified Gear Calculations 

Some of the methods useful in cal 
culating dimensional aspects of gear 
design and production are reviewed 
Some of the factors discussed include 
the involute function; radians; calcula 


tion of distance over ““N”’ teeth; cal- 


ator Pe sere 


culation of distance over rollers when 


number of teeth is known; calcula- 
tion of dimension 
distance old rollers is 
useful formulas for 
proportioning are included, 


table of involute 


rollers when 

know n. 
spur-gear 
together 
function 


over 
over 
Some 


with a 
tables 


Simplified Gear Calculations,” Witham and 
Beveridge. Engineering Materials and Design, 
April ‘60, Drury House, Russell St, London WC 
2, England. 


* 


Lubrication by Solids 
Mechanism of lubrication is 

scribed and types of 

lubricants are classified. 


de- 


various solid 


‘Lubrication by Solids,” J. Gaensheimer, Stam 
ford, Conn; presented at Seminar on Friction, 
Lubrication and Wear, Burgenstock, Switzer 
land, Sept 17-18. Available from Alpha- 
Molykote Corp, Stamford, Conn. 


* 


Rolling Friction 

The rolling friction of a hard cylin- 
der over a_ viscoelastic material is 
worked out in terms of the bulk prop- 
erties of the material. It is found that 
the rolling friction has a maximum at 
a velocity corresponding to the peak 
of the relaxation time distribution 
Both the load required to maintain 
the cylinder at constant depth of 
identation and the coefficient of 
friction are dependent on the velocity 
of rolling. The shape of the rolling 
friction versus velocity curve is a first 
approximation to the distribution 
curve of relaxation times, 
that rolling friction measurements can 
be used to determine the distribution 
experimentally. 


indicating 


“Rolling Friction of a Hard Cylinder Over a 
Viscoelastic Material,” W. D. May, E. L. Morris 
and D. Atack. Pulp and Paper Research In 
stitute of Canada. Journal of Applied Physics, 
Nov ‘59, 335 E 45th St, New York 17 


* 


Thermal Instability 
High-speed Gearing 
A theory of thermal 
developed which takes into account 


instability is 


tendency of effects to be regenerative, 
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and which provides an explanation 


for several previously unexplained 
cases of tooth failure in highspeed, 
high-horsepower reduction gearing 
Includes experimental verification and 
describes some of the means of avoid 
ing thermal instability 

“Thermal Instability of High-speed Gearing, 
Welch and Boron, Westinghouse Electric Corp; 
ASME peper 59-A-118. ASME, 29 W 39th St, 
New York 18 


* 


Open-gear Lubrication 

Open gearing, such as is found in 
rotary kilns, cranes and shovels, drag- 
lines, chain and sprocket drives, and 
providing 


the problems of proper 


lubrication of this type of exposed 
equipment are described. Included are 
discussions of the relationship between 
composition and performance of lub- 
ricants, development of laboratory 
methods to evaluate improved lubri 
cants, and comments on field perform- 
ance of new lubricants 

A Study of Open-geor Lubrication,” Daniels 
and Malloy, Esso Standard Oil Co. NLGI 
Spokesman, Feb ‘60. National Lubricating 
Grease Institute, 4638 J. C. Nichols Parkway 
Kansas City 12, Mo 


* 


Epicyclic Gear Trains 

Develops a method of synthesizing 
compound epicyclic trains using the 
concept of a velocity ratio spectrum 
To facilitate 
train in a compound epicyclic train is 


pplication, only one 


regarded as basic; all others are con 
sidered as serving to modify motion of 
controlling element in basic train 


“Synthesis of Epicyclic Geor Trains Using the 
Velocity Ratio Spectrum,” R. C. Brewer, Uni 
versity of London, England; ASME paper 
59-A-22. ASME, 29 W 39th St, New York 18. 


* 


Noncircular Gears and Cams 

First the theory of rolling curves 
ind noncircular gears as it is involved 
in linkwork, gears, cams and similar 
systems is discussed, with equations 
presented for velocity ratio, tangen- 
tial and rubbing velocities. Then the 
three types of design problems com- 
monly involved are given: to design 
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the follower to suit the driver; to de- 
sign the driver and follower to a par- 
ticularly velocity ratio; to design the 
driver and follower to a particular dis- 
placement function. Brief, separate 
discussions are included of noncircu- 
lar, eccentric, elliptical, logarithmic, 
displacement and rack gears 


“Rolling Curves and Noncircular Gears,” W 
H. Sheppard. Mechanical World and Engineer 
ing Record, Jan ‘60, 31 King St W 3, Man- 
chester, England 


* 
Lubricant Tests 


This paper 
cance of the following tests 


discusses the signifi- 
water, 
insolubles, sulfur, copper-strip corro 
sion, analine point, inte rfacial tension 
dielectric strength, and_ turbine-oil 
emulsion 

“Significance of Specific Lubricant Tests,” Texes 
Co; Lubrication Engineering, Oct ‘59, 135 E 


42nd St, New York 17 


7. 


The Bending Strength of 
Gear Teeth 


Presents a study of the bending 
strength of gear teeth based on a 
Semi-em- 


cantilever-plate approach 


pirical solution is given for finite 
cantilever plate under transverse loads 
at anv location on its surface. Solu 
tion is said to have showed good 
agreement with results from. strain- 
gage investigations of such plates 
simulating gear teeth. Effects of the 
position of the line load and the varia- 
tion of load intensity on stress dis- 
tribution at a root are discussed 
“Bending Strength of Gear Teeth by Can 
tilever Plate Theory,” Wellaver and Seireg, 
Falk Corp; ASME paper 59-A-50. ASME, 29 
W 39th St, New York 18. 


* 


Lubricants and Friction 
where surface-active lubri- 
cants increase rather than decrease 
wear ate described and explanation 
based on chemical interactions is 
given. Experimental setup and _pro- 
cedure are described. Lubricants used 
in study were transformer oil contain- 


¢ 2ases 


PRODUCT ENGINEERING — Mid-September, 1960 


ing stearic acid and water with 


containing 72% sodium oleate. | 


included, 


sults of friction tests are 
based on time to failure of wire sp 
mens and by weight loss of pullevs 
in contact with wire specime ns 

‘Effect of Lubricants on Process of Friction 

V. D. Kuzinetsov and others, Transactions -f 
Akadimiya Nauk, 1956, Vol 109, No. 1, USSR 
Translation available from Henry Brutcher, PO 
Box 157, Altadena, Calif 


* 


Lubricating-grease Properties 
One of the factors affecting prop 
rties of lubricating grease is the size 

of the thickener parti 

The effect of the length-to-width 

tio of thes 


+ rbilits 


in l sh ipe 


particles on mechan 
iwe-hardening, and leakag 
f grease was studied. Four 


lithium h 


1 


wcTe mac rom 
stearate and a mineral oil. The gr 
were alike in thickener concentration 
ind consistency but differed in 
ener-particle dimensions as m¢ 

from electron micrographs. Incr 

in length-to-width increased m 

cal stability and leakage and 
Although 

with lithium-soap 


ends should 


17 h irde ning 


Effect of Thickener-particle Dimensions on Lu 
bricating-grease Properties A. C. Borg ond 
R. H. Leet, Standard Oil Co, Whiting, Ind; | 
brication Engineering, Nov ‘59, 5 N Wabash 
Ave, Chicago 2 


~ 


Bearings, Lubricants and 
Lubrication 

An annotated listing of 277 paper 
delivered during 1958 is presented un 


following categories: fluid 
g 


der the 
film bearings, ball and roller bearings 
friction and wear, automative lubri 
cants, metalworking lubrication, lubri 
A bibliography of 
these papers is broken down in a sim 
It is thus made easv to 


cant properties. 


ilar manner 
trace other references 


“Bearings, Lubricants and Lubrication—A Digest 
of 1958 Literature,” by Elwell, Lewis, Shugarts 
et al. Mechanical Engineering, Oct 1959, ASME 
29 W 39 St, New York 18. 
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From: Mechanical World 


GS FLEXIBLE SHAFT-COUPLINGS 


Practical information on wobbler, flexible dog, laminated 


spring, bevel drive, spring pin and multi-spring couplings. 


R. WARING-BROWN 
Consulting Engineer 
Anglesey, Gt Britain 


Bi is frequently necessary, particularly with automation 
equipment, to couple shafts flexibly This often occurs 
where dimensions of length and diameter are restricted 
ind the use of standard coupling units is precluded and 
therefore couplings have to be specially designed 

Modern research indicates that everv shaft coupling 
should provide some degree of flexibility, and while th 
may introduce some complexity with modern ideas and 
using modern materials it is far from impossible 


Our present purpose is to consider shaft couplings which 


ire limited in external diameter and which must provid 
flexibility to cope with axial, radial and angular misalign 
ments to obtain high efficiency and obviate noise and 
vibration. Further, due regard must be given to main- 
tenance and adjustment 

Satisfactory selection of the shaft coupling depends upon 
the particular conditions under which it has to operate 
ind the type of machinery involved, and is ultimately 
founded on experience. Below are given a few examples 
of current practice and modern ideas, where coupling 
diameters are comparatively small compared with shaft size. 


WOBBLER COUPLINGS 


Although a crude design, these couplings have qualities 
which make them unrivalled in the presence of consider- 
ible grit, water, steam and heat. In Fig. 1 is illustrated 
in assembly as adopted in steel rolling mills. It acts as a 
connection between a driving pinion and its corresponding 
roll. It will be seen that a “breaking spindle” is used 
which is designed to avoid other and more serious damage 
by fracture damage to fracture under the severe overload 
to which such equipment is often subjected. 

he ends of the roller and the pinion shaft are of special 
section, in some instances resembling a four-leaved clover, 
variants being of cruciform construction. The ends of 
the breaking spindle are similarly loosely fitting sleeves. 
In the final assembly the two sleeves are held apart by 
pieces of wood placed in the grooves of the breaking spindle 
and bound together by wire, the great advantage of this 
primitive locking device being that it can be quickly dis- 
mounted and replaced at negligible cost. 
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1.. WOBBLER flexible coupling 


The work such couplings are called on 
extremely arduous, but limited flexibility in anv direction 
is attained at the expense of a fair amount of noise. How- 
ever, this is not objectionable in the class of work involved, 
and excessive noise and vibration will not develop when 
the coupling is correctly designed to transmit the optimum 
torque. By sliding one of the sleeves toward the other, 
the overall length of the breaking spindle may be kept 
down to a dimension sufficient to permit its easy removal 
for severing the connection between the driving pinion 
and the roll. 

A refined construction founded on the basic principle 


could be used in small mechanisms. 


FLEXIBLE DOG COUPLINGS 


Efforts to devise a simple and effective flexible coupling 
have resulted in the scheme illustrated in Fig. 2. This 
compact arrangement, while allowing limited flexibility in 
the various directions, satisfies the paramount considera- 
tion of small diameter. The component has a minimum 
of parts and has good anti-vibration qualities. The two 
shafts to be coupled carry keys to drive sleeves, which are 
held in position endwise by grub screws, the inner ends 
of the sleeves being provided with slots at right angles 
to each other. ‘There is an intermediate shaft to the 
ends of which are fitted two special springs held in posi- 
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. FLEXIBLE dog coupling 


tion by screws, these springs being arranged to maintain 
contact between the driving and driven shafts at all times, 
thereby eliminating end movement, shock and vibration 
At a little distance from the ends of the shaft two holes 
are drilled at 180°, and cross pins, formed with dog ends, 
are fitted to give a good sliding fit in the slots of the 
coupling sleeves. The intermediate shaft should be given 
a good clearance on the inside of the sleeves, and a gap 
of about 4 in. should be allowed between the inner ends 
of the sleeves so that reasonable flexture and end motion 
may be accommodated. The coupling sleeves should be 
capable of being slid back on their keys for dismounting, 
while the springs to distribute the end pressure should have 
small arms, or alternatively a Belleville washer mav be 
utilized. 

This coupling has proved very satisfactory in practice 


over long periods of service. 


LAMINATED SPRING COUPLING 


It is sometimes advisable to install a shaft coupling in a 
limited space that will give improved flexibility, even 


> 


though it is more expensive to produce. In Fig. 3 is illus- 
trated a tvpe that comes into this category, and it will be 
seen that the two shafts to be connected have their inner 
ends slotted out into holes drilled through the shafts, which 


latter take comparatively large diameter pins. These pins 
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3.. LAMINATED spring flexible coupling 
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are also slotted to take a series of laminated spring plates 
which are fastened by rivets 

he pins are hardened and ground and are slid into place 
in the shafts. Sleeves protect the pins, preserving a smooth 
finish without projections on the finished assembly. The 
coupling was primarily designed for textile machinery to 
eliminate keys and to transmit the drive but not vibration 
It is easily disassembled. 


LAMINATED SPRING BEVEL DRIVE COUPLING 


In high-class work improved forms of the laminated 
spring coupling are being very successfully applied. In 
Fig. 4 is illustrated such an assembly utilized to drive an 
engine governor. A bevel pinion is splined to a shaft 
which is slotted to take a laminated spring, similarly con- 
nected at its other end to the driven shaft The spring 
is firmly fixed to the bevel shaft and driven shaft by pins 
forced in under pressure. Slight axial movement is allowed, 
It is often 
necessary to detach a driven unit from a prime mover; 


and a positive abutment drive is also provided 


this design facilitates this 
Another important feature is avoiding the transmission 
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. LAMINATED spring bevel drive coupling 


of cyclic variations, and here an improvement consists in 
making the slots in the shaft ends just wide enough to give 
sufficient clearance to the laminated spring to allow of 
some deflexion during operation, so that when the spring 
attains a resonant condition its increased deflection will 
bring the spring plates up to the edges of the slots, thereby 
shortening their effective length and immediately detuning 
the system. 

In such a scheme misalignment is not allowed, but flexi- 
bility in transmission effectively eliminates vibration and 
noise. A positive abutment drive is also provided to pre 
vent overstressing the spring plates during overload. To 
prevent cyclic variation it would be possible to incorporate 
some form of rubber coupling, but as these generally have 
a fixed natural frequency of oscillation, they would not 
prove satisfactory in the coupling required for the par- 
ticular purpose of the bevel drive described 

The coupling arrangement is simple and compact while 
being easily dismountable, but it must be precision built 
In certain cases it is sometimes advisable to arrange for 
the abutment drive to engage after only a slight deflection 
of the spring. 
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SPRING PIN COUPLING 


At times it is absolutely essential to connect shafts by a 
oupling capable of dealing with slight deviations in shaft 
ilignment, as for instance in coupling steam turbines, o1 
internal combustion engines to blowers, or other equip- 
ment where high speeds of rotation are involved. Fig. 5 
illustrates a coupling specially developed to operate at high 
speeds, and in order to render it suitable the dimensions 
ire kept down to a minimum by making the several work 
ing parts of high-dutv steel, hardened and ground. 

I'he spring pins are tempered steel helical springs of 
tbnormal section, having a verv small hole in the middle 

In the sketch two coupling sleeves are shown fitted to 
the driving shafts with kevs, and are retained horizontally 
by grub screws. The coupling sleeves have a series of holes 
drilled in their faces and hardened steel bushes are pressed 
in. Helical springs are located in the pockets thus formed, 
ind are sufficient in number, flexibility and strength to 
transmit the required torque by shearing action 

Any flange coupling connecting two shafts that are out 


f alignment will run open on one side and closed on the 
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>... SPRING PIN coupling 


ther. The endwise motion due to this opening and clos- 
ing action of the flanges is provided for in this coupling 
by the universal flexibility of the pins and the fact that 
the minute clearance between the coils, together with the 
initial compression put upon them, will accommodate their 
opening and closing movement 

In practice this scheme has shown a natural propensity 
for damping out vibration, and also its durability, especially 
when charged with grease in the central cavities of the 
spring pins. ‘This coupling exemplifies simplicity in mount 
ing, dismantling and maintenance, while safetv is assisted 
by the smooth exterior, and the diameter is down to a 


MMinNUuM 


MULTI-SPRING COUPLING 


lor certain classes of machinery couplings are required 
which give a greater flexibility while catering for the various 
types of shaft misalignment and simultaneously providing 
a cushioned drive; although the objective may be difficult 
to attain without instituting somewhat larger diameters for 
the coupling, and in addition without rendering the unit 
unduly expensive 

lig. 6 illustrates a design whose special requirements are 
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not excessive, and is in fact a coupling with multiple lami- 
nated springs constructed to deal with high torque and 
high speed. 
In most modern machinery anti-friction bearings play 
important part: in consequence any considerable errors 
lignment, whether originating from wear, faulty erec- 
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MULTI-LAMINATED spring coupling 


etc., will set up trains and 


stresses which will subject shafts and bearings to overloads, 


tion, settling of foundation 


which may result in increased friction, loss of power, and 
often to ultimate fracture of parts 

his coupling provides for a flexible connection between 
driving and driven shafts, will transmit high powers, and 
is eminently suitable for dealing with shock and vibration 
Che coupling consists of driving and driven sleeves keved 
to the coupling shafts, the hubs carrying a series of lami 
nated springs in accurately pitched grooves. These latter 
ire flared so that the springs are adequately supported 
under load while retaining thcir resilience, being also held 
The two halves J and K of 
the outer casing are held together by bolts passing through 
the hubs 


"he retaining rings are spigoted together, and so formed 


in position by retaining rings 


is to fit and locate the springs independently of the hubs, 
to ensure freedom of the latter to take up misalignment 
lhe successful operation of such a coupling will largel 
depend upon the adequate grease lubrication, and this is 
irranged as shown. Seals are located in the two halves 
| ress of 


impurities. Bolts are recessed so that the unit presents a 


of the outer casing to prevent leakage and the in 


g 
smooth exterior, and specially selected steels are used so 
that a minimum diameter and maximum strength may be 
ensured 

\lthough the flexible shaft-couplings presented here ma‘ 
not be available as off-the-shelf components, they are all 
relatively easy to make where only one or a few are needed 
When relatively large quantities are involved care should 
be taken to make parts interchangeable 


REFERENCI 


Restricted Flexible Shaft Couplings by R. Waring-Brown, Con 
sulting Engineer, Anglesey, Great Britain. Published in Me 


chanical World, July '59, p. 303 
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From: Lubrication Engineering 


SURVEYED: 
10 LUBRICATION METHODS 
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Here is an illustrated roundup of basic arrangements for 


lubricating machine elements. 


ALLEN F BREWER 


Lubrication Consultant 


After th designer has chosen one of the lubrication 
methods surveved below, it is his responsibilitv to use it to 
the best advantage. Here is a checklist of standards against 
which the designer can compare the lubrication system and 


judge its effectiveness 


Accessibility 


Nonautomatic device 
Hard-to-get-at reservoirs or fittings that discourage faithful 


attention lead to breakdowns with their companions, down 


depend on faithful servicing 


time, parts replacement and repair charges 
Any device, even an automatic one, needs to be cleaned 
But if out of reach, the device will soon be out of sight 


under dirt, thus even less likely to get proper attention. 


Safety 


Safe lubrication deserves just as much concern as design 
ers give safe machinery operation. Besides being a possible 
cause of injurv, an unsafe lubrication svstem detracts from 
the efficiency of the machine. Operators avoid risky lubri 
cation points, so that sooner or later the machine will 
have to be shut down for each lubrication 


Reliability 


Human element. To increase reliability, decrease de- 
pendence on human beings. Acts that require judgment 
are most prone to error. When the designer can’t eliminate 
the human factor entirely, he can sometimes eliminate acts 
of judgment. For instance, use a device that regulates 
how much oil and how often applied so that the operator 
just has to fill a reservoir 

Automatic devices that use the machine itself as a power 
source for circulation drive cut dependence on humans to 
the minimum. When the machine starts and stops, oil flow 
starts and stops 


Dirt in the lubricant will wear out a bearing; but dirt 


] 


can also cause trouble by clogging lines or valves and 


stopping flow. There are two ways to prevent this: Keep 
dirt out with seals, covers or filters; overcome clogging with 
positive pressure—as clogging builds up, pressure builds 


up to free stoppage 
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Leakage 


wher 

industry 

ifety hazard. Furthermor 
only because of the 


the money spent cleaning i 


Consistency 


Consistency means keeping the design 
is few different lubrication devices and a 
types of lubricants as possible Standardizing 
ll allow great 


throughout a design wi er fam 


limited number of devices by maintenance men 
idvantage is the smaller inventory 


cants that must be kept on hand 


Manual lubrication methods generally result in high main 
tenance costs, poor reliability, sloppy housekeeping and 
uncertain regulation of flow. This method is also 1 
adaptable, noncontinuous and prone to contamination 
Che main advantage is low initial cost 


Applications: Lightly loaded or low-speed beari 
frequently operated machinery, open gears, chains 
rope, and other inexpensive or rough machinery 
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Drop feed oilers deliver lubricant by gravity to individual 
points which, ideally, are few in number and accessible. 
Under ideal conditions a well-thought-out automatic system 
can give reliable, regulated flow and low maintenance 
costs. 

his system, however, is nonadaptable, and flow varies 
with oil level. 


\pplications: Journal and roller bearings, gears, chains, 


engine guides, pumps, compressors and pillow blocks 


Splash or bath lubrication is suitable for machinery with 


enclosed high-speed moving parts. Enclosure and sealing 
determines initial cost, but insures against contamination. 
Maintenance costs, oil consumption and operator time, all 


of which contribute to operating expense, are low. Other 
advantages are reliability and flow, which is uniform, con- 
tinuous and adaptable to changes in speed. By changing 
the oil level or adding scoops or dippers, crude flow regu- 
lation is possible. Applications: Internal combustion en 
gines, chain drives and enclosed gear sets. 


Ring, Chain and Collar Oilers feature loosely hanging rings 
or chains or rigidly mounted collars that ride on rotating 
horizontal shafts. The rider dips into an oil reservoir and 
carries oil to the bearing surfaces. 

Low consumption and noncontamination keep operating 
and maintenance costs low. Initial cost depends on th 
bearing housing. When correct oil level is maintained, 
reliability is good, and flow is uniform, increases with 
speed, starts and stops automatically and is continuous but 
unregulated 

Applications: Electric motors, fans, blowers, comp 
and line shaft bearings 


Pad and wick devices make use of the oil retaining proper 
ties of felt pads and waste packing to provide a lubricant 
source. One type uses a wick to carry oil by capillary action 
from a reservoir to the journal surface that wipes the wick 

Generally these devices require a simpler housing, keep 
ing initial cost low. In a clean environment maintenance 
is low. A dirty atmosphere requires inspection for clogging 
or glazing of the wick, although the wicking does tend to 
filter out contaminant Flow is continuous, automatic, 
ind varies with speed, but can be regulated only by chang- 


ing reservoir level 


Applications: Railroad and traction motor bearings. 

In pad devices all the oil is held by the pad, there being 
no sump. This simplifies the housing and lowers initial 
ost. If relubrication is unnecessarv, maintenance costs are 


cut 


Flow is automatic, but drops off with decreasing pad 
turation, and is lower than in a wick and reservoir 


tem. Applications: Fhp motors and home appliance 


Reservoir 
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Positive force feed has a separate drive motor, or the 
machine itself drives plunger-type, adjustable-stroke pumps 
drawing from a single reservoir. Low maintenance cost 
plus contamination protection balance high initial cost. 
Oil flows one way only; to avoid high oil consumption and 
constant reservoir topping, use positive force feed where 
oil demand is low. Flow is periodic, uniform, automatic, 
can be made proportional to speed, and is finely adjustable 
by changing pump stroke. Applications: Steam cylinders, 
diesel and gas engine bearings, oil drill rigs, glass making 
machines and press bearings. 


Air-oil mist devices employ air or steam to carry oil in- 
jected or drawn into the air stream to the bearing surface. 
Although piping, reservoir and compressed air supply make 
initial cost high, maintenance is low. The designer can 
build in flow regulation and automatic start and stop. 
Since this is a once-through system, all oil delivered is 
consumed and the possibility of contamination is slight. 
\pplications: High-speed plain or rolling contact bearings, 
enclosed gears, chains, slides, guides and table ways. 


‘ 


Pressure circulation involves an expensive system of pipes, 
controls, filters, coolers, and separators through which a 
central pump or gravity pressure source delivers oil to se\ 
eral bearings which are costly and critical enough to justify 
the system. In return for initial high cost, pressure circu- 
lation delivers a continuous, uniform, regulated flow 
of clean oil. Maintenance costs are low, and the operator 
need only make routine inspections and add occasional 
make-up oil. 

Applications: Steam turbine bearings, reduction gears, 
steel mill gear drives, and mill bearings, paper machine 
bearings and gears, and internal combustion engines. 
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Centralized systems give one-shot manual or periodic autv- 
matic delivery of either oil or grease. Safety, both a humane 
and a cost factor, is the aim where lubrication points arc 
dangerous to reach. When a machine has a large number 
of lubrication points, a centralized system reduces operator 


time and chances of a missed fitting. These advantages 
outweigh high outlays for a reservoir, pump, piping and 
regulating valves. A centralized system also meets the 
tests of dependability, durability, uniformity of delivery 
and protection from contamination 

Applications: Machine tools, woodworking machinery, 
steel and paper mill equipment. 


Built-in lubrication includes two different cases: Materials 
that don’t need lubricant, and prelubricated bearings that 
need no further attention. Nylon, PTFE, graphite and 
diamond can rub together with low friction without the 
necessity of an added lubricant. Sleeve bearings, gears, 
bearing blocks, jewelled bearings are typical places where 
these materials find jobs. In the second category are oil 
saturated porous metals, and sealed ball bearings. Applica 
tions: Design where space or cost requirements rule out 
extra lubricating apparatus, or when total lack of mainte 
nance is likely or desirable—but don’t overtax built-in lubri 
cation, ensure that conditions are not too severe 


REFERENCE 
A Survey of Lubrication Methods by Allen F. Brewer, Consultant 


-> 7 


Published in Lubrication Engineering, April 1960, p 153-156 
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From: Mechanical World 


BELT FRICTION and SHAFT LOAD 


The total load on a pulley shaft due to belt tensions is 
analyzed for static, limiting and normal operating condi- 
tions. The variation of this load with angle of lap is 


illustrated. 


©. R. FENDRICH 
Lecturer in Mechanical Engineering 
Battersea Coilege of Technology 


Bf a belt is to be used to transmit he effect on the resultant pulley load be shown that the limiting value of pg 
power, it is necessary to provide a uni P is shown in Fig. 2 from this point of view (i.c., the least 
form static or “initial’’ tension before _ Prt oT To cos 8 value of » for which the slope of the 
the drive is taken up. The resultant P curve is never negative) is about 


V ev? + |] #9 cos 8 se 
force on the shaft will then be 


- () 5 
and its line of action, though still pas 


P 27, sin 40 Normal Operating Conditions 


ing through the intersection of th 
W here lines of action of TI, and T., is now In a belt drive transmi ting powcel 


re displaced from the pulley center by a under ordinary conditions the belt 
1 initial tension. 


a angle of lap distance d Since the torque on the does not slip bodilv over either pulley 


pulley due to the belt tensions is because the friction has not reached 

lhe line of action P, will pass through (7 T.)R it follows that its limiting value at all points of con 

the point of intersection of the end Pd 1 TR tact. Experiments have shown that 

tensions, and also through the pulley limiting friction exists at only a part 
and hence 

] of the arc of contact This part ex 


When the drive is taken up, the ( tends backward from the point at 


enter as shown in Fig 


tension on one side of the belt will which the belt leaves the pulley and 


where 
ncrease while that on the other side subtends at the pulley center an angle 
vill decrease until the torque pro paey eee known as the “active angle.” ‘This 
duced by the tension difference is sufh I, — T.) is the tangentia! friction ingle has the same value for both 
icnt to overcome the external resist force between belt and pulley so that pulleys of a belt drive; so that if the 
ng torque on the driven pulley. This the ratio (7 | P indicates the ictive angle B, then T,/1T ( 


ension difference reaches its greatest ‘eficiency” with which the total shaft for each pulley The change in the 


ae 


ilue when the belt begins to slip bod load P is utilized as useful driving belt tension from T, to 7 or vice 
ly over the pulley surface. If the tight force versa) takes place while the belt is 
ide tension I, and the slack sid« Graphs of P and (7 ] passing over the region of limiting 
tension I’. then, for the limiting against @ for variou ilues of mw are friction There is a constant tension 
onditions described, and assuming a shown in Figs. 3 and 4, the graphs be in that part of the belt which cover 
thin flat belt, ing plotted for 7 10 the remainder of the arc of contact 
T,/T , In Fig. 3 it should be noted that Under these conditions, a correction 
for low values of » the slope of the must be made to the values of » before 
where p coefficient of friction be- curve alternates between positive and using graphs such as those in Figs. 3 
tween belt and pulley (assumed uni negative while for the higher values and 4 If the actual coefficient of 
form ) the slope is always positive It can friction between belt and pulley is p 
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i—STATIC BELT CONDITION. The resultant passes through the 


pulley center. 
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2—DRIVING CONDITION. The resultant is at a distance from 
the pulley center. 














i 
2a 3n 
Angle of lap, @ 


. 


3——-VARIATION OF RESULTANT with angle of lap for various 


values of coefficient of friction. 


then the graph to be used will be that 
corresponding to a value of the co- 
efficient equal to » (8/0) where @ is 
the total angle of lap. 


General 


(a) Belt inertia—In the case of a 
belt drive running at speed, the eftec- 
tive tensions T, and T, which have 
inalysis above, are 
total tight side and 


tensions respectively; the 


been used in the 
smaller than the 
slack side 
renmainder is required to give the belt 
the necessary centripetal acccleration 
as it passes over the curve of the pul- 


leys. The relevant relations then are: 
T, = T, — (we*/g) 
and 


T; = T, — (we*/g) 


i 








of lap. 


where 


total tight side tension 
total slack side tension 

= weight of belt per unit length 
belt speed, Ips 

A belt run- 


ning in a groove of included angle 2a 


(b) Grooved pulleys 


with a coefficient » is equivalent, for 
friction purposes, to a flat belt with 
the same angle of lap and a coefficient 
of friction equal to »/sin a. 


Service Factors 


The hp transmitted by a rubber 
belt with 180 
hp = WSP/2400 


contact arc is given by 


where W is belt width, in., S is belt 
speed, fpm, and P is the number of 
plies. When the small pulley is less 
than 12 in. dia the hp transmitted 
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an 3n 
Angle of lap, @ 


4—VARIATION OF “EFFICIENCY” of load utilization with angle 


should be multiplied by t 
factor is recommended 
Goodrich Co 
small pulley dia 10 S 6 / 3 
correction factor 0.9 0.8 0.7 0.6 0.5 
For contact arcs other than 180° the 


following correction factors apply 
contact arc, deg 140 160 200 220 
correction factor 0.80 0.90 1.08 1.15 


For speeds ibove 6000 fpm ilwavs 
with the belt 


since centrifugal tension and belt heat- 


check manufacturer 


ing can result in wide variations from 


calculated performance. 


REFERENCI 

Belt Friction and Shaft Load by 
Fendrich, Lecturer in Mechan 
neering, Battersea Col 

London, England 


chanical World, Dec. 
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From: Lubrication Engineering 


SHOT PEENING in Gear Design 


Shot peening can increase fatigue strength which permits a change in tooth 


design to increase scoring resistance. Test results have indicated as much as 


50% or more in allowable stress in applications requiring a long service life. 


J. C. STRAUB 
Wheelabrator Corp. 
Mishawaka, Ind 


S$). peening is recognized as a means of increasing 
fatigue strength of machine parts. Long accepted as a 
means of correcting fatigue failures, the possibilities of 
its use in the design of machine parts generally appear to 
be underestimated 

Although used primarily for increasing fatigue strength, 
if incorporated into gear design, shot peening can be used 
to avoid other types of failure Scoring resistance, for 
example, may be increased by use of a finer pitch, but 
bending strength decreases. Shot peening may give the 
necessarv fatigue strength to offset this decrease 

Directly, shot peening appears to have little influence 
on the scoring tendencies of a given physical pair of gears 
However, an increase in fatigue strength by shot peening 
can permit a change in tooth design to favor scoring 


resistance 
Relationship of Design Factors 


For effective use of material in the design of gears, the 
three types of failure, Table I, should be considered. If 
the power is transmitted at a high torque and low speed, 
scoring resistance may not be a problem. If high speed 
is used, scoring resistance becomes an important factor 

However, if size and weight of the transmission ar 
to be reduced, the three types of failure must be balanced 
to achieve a good design. Resistance to bending failure 
depends, at least in part, on the tooth thickness. In con 
trast, both pitting and scoring are the result of surface 
condition, and are not influenced directly bv tooth thick 
ness. ‘These types of failure are strongly influenced by 
the radii of curvature of the tooth profile in the area of 
contact, since contact stress increases with decreasing radii 
of curvature 

[he capacity for trouble-free performance of a pair of 
gears will depend also upon the accuracy of manufacture, 
material, heat treatment, mountings, type of lubricant, 
provision for heat dissipation and other factors. 

In some of the elements of gear tooth design, there is 
no conflict between scoring resistance and bending strength. 


210 


For example, in a pair of gears with a high ratio, scoring 


can be improved by the use of long and short 


iddendums. Such proportions may permit adequate 


iction and at the same time avoid contact in the region 


resistance 
tooth 


where contact stress and sliding velocity would be high 

his procedure is also advantageous for bending strength 
because such proportions will normally result in a 
portionately greater thickness of the pinion tooth, which 
vill be required to undergo a greater number of stress 
cvcles than the gear tooth 

[his compatability does not occur in all of the « 
ments of the design of the teeth 


pitch may be used where high bending strength is re- 


For example, a coars¢ 


quired, because of its advantage in a greater tooth thickness. 
However, this means greater tooth heights for an adequate 


number of teeth in contact and results in tooth action 


TABLE I—TYPES OF FAILURE IN GEARS 

Gear tooth failure can be classified into three major 

types: 

1. Bending failure, or tooth breakage. This is a 
fatigue type of failure caused by high bending 
stress in the root fillet. It is the most serious 
type because a broken tooth usually renders the 
gears inoperative 
Pitting. This is also a fatigue type of failure 
but occurs on the working profile of the tooth 
due to high contact stresses. It is not as serious 
as bending failure because although a mod- 
erate noise may develop after the initial stages, 
the gears can usually be run for an extended 
period before complete failure occurs 
Scoring. This is not a fatigue failure, and may 
occur early in the life of the gears. It is a weld- 
ing of the tooth surfaces due to high contact 
stresses in combination with high sliding vel- 
ocity. It is characterized by radial scratches on 
the profiles, somewhat similar to the seizing 
of a journal bearing. 
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omputed stress Ib. per sq 


00,000 


1000000 
Cycles to failure 


FATIGUE CHART of carburized, automotive type spur and 


gears, shot peened and non-peened, and heat treated 60 


t a greater distance from the pitch point Because it 


} y 
~ 


iries directly with this distance, the sliding velocity is 
greater, and there is the likelihood of high contact stresses 


Fatigue Strength Gain By Shot Peening 


ve factors suggest a fine pitch for scoring 

But this would lead to low resistance to bending 
failure Therefore, if the bending strength can be in 
reased by shot peening it would permit the use of a finer 
pitch for greater scoring resistance 


lor such data to be necessar\ 


to consider the increase 
life For indefinitely long life, 
more in the endurance limit stress is not unusual 
horter life requirements involving higher stresses, the 
gain in endurance limit stress is more moderate 

This is shown by Fig. 1. Each line on the chart repre- 
ents the average life of a large number of gears. Note 
that the two lines diverge toward the right. For exampl 
for an expected average life of 100,000 cvcles the allowable 
tress is increased by approximately 10 For a life 
requirement of 1,000,000 cycles the increase in allowable 
stress is somewhat more than 25 For a life require 
ment of 10,000,000 cycles, the increase in allowable stress 
is almost 50 

\ specific example of the extent to which shot peening 
an be used to permit the designer to use a fine pitch is 
where shot peening permitted a change from 10 pitch to 


14 pitch in production. The same center distance and fac« 


| 
width were used and noise characteristics were improved. 


Application of Shot Peening to Gears 


As in other machine parts, shot peening of gears should 
be the last operation insofar as the highly stressed areas 
ire concerned. Although the effect of the process is to 
impose a residual compressive stress on the surface by 
virtue of a lateral expansion of the surface layer, there 
is little if any change in the tooth profile, except for an 
increase in the surface roughness. Shot peening is effec- 
tive in increasing fatigue strength of both hardened gears 
60R.) and gears of machinable hardness. 

If it seems necessary to achieve a high degree of surface 


finish on the working profiles, this can be accomplished 
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0000000 


TRANSMISSION 


overage 


Area 


RELATIONSHIP BETWEEN area cov 


se 
on gears of machinable hardness bi 


Gears of high hardness can be honed. Both 
edures permit the profiles to be processed t 
finish without disturbing the peened surfac« 


of the teeth 


Control of Shot Peening 


Control of the peening operation cons 
ippraising the blast itself For thi 
Almen test strips and equipment have been 
by the SAI \ thin strip of spring 

rews to a solid block ind assed 
mulating the work Che lateral expan 
results in a curvature of the test strip w 
from the block, the peened side being 
f curvature is then measured as arc heig 
A thin strip “A” is used for 

‘ } 


ordal distance 
ind a thicker strip “C”’ is used for heavy 
irc height is designated in thousandths of 
the suffix “A” or “C” depending upon thi 
Specifications for a peening job are based 
ind some measure of coverage. In establishing 
fications, the arc height should be in keeping 
thickness of the part in the location of maximum 
is well as the overall requirement of a particular job 


] 


not practical to generalize on the ideal arc height 


ill applications because of the wide variation 
ments. Wherever possible, it is good 

lish by fatigue tests the most effective 

particular job in the light of the overall requir 


l'able II is based ~n a large number of fatigue te 


can be used as a guide in establishing 


ippropriate al 
height for a given thickness in the parts to be shot peened 


Having set up the specincations it 1s important, for best 
results at lowest cost, to obtain the required arc height 
with uniformly sized shot. Fatigue tests have indicated 
that, if a high percentage of undersized shot is permitted 
to accumulate in the peening machine, the expected 
fatigue strength mav not be achieved, even though speci 


hed arc height is obtained. For this reason, a peening 
machine should be equipped with a separator capable of 
removing broken or undersized shot in continuous opera- 
tion as soon as possible after it becomes smaller than th« 


original size. Obviously, it is necessary to provide for 
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TABLE I 


Arc Height 


004A 
008 A 
O14 A 
O18 A 
O21 A 
007 C 
008 C 
010 C or greater 


Thickness of Part, in. 


16 
8 


oooooocco 


4 
8 
2 
8 
4 
8 


or greater 


iniform replacement of the broker shot with new shot 


by means of an adding device 


Coverage in Shot Peening 


Coverage in shot peening is related to the degree of 
exposure to the blast. It may be defined as the proportion 
of a given area of the work which has received impact of 
the peening blast 

In any peening operation with constant conditions, ther 
is a definite relationship between coverage and exposure 
time, as shown in Fig. 2. The horizontal scale is relative 
ind can be expressed in terms of time, or number of passes 
under given conditions. 

Note that coverage approaches 100% as the exposure 
time is increased indefinitely. For this reason, it is con 
venient to refer to 98% as a finite measure of approximately 


“full coverage.” 
Fatigue Strength as Influenced by Coverage 


Fatigue tests have indicated that, provided the arc height 
is not excessive for the thickness of the part, the fatigu: 
strength increases with increased coverage In many 
cases it increases gradually, even after the exposure time 
far exceeds that required to obtain 98% [his appears 
to be especially true in peening parts of irregular shap« 
such as gear teeth. For example, gears peened with an 
exposure of three times the required to obtain 98% cover 
ige give results well above the chart for peened gears in 
Fig. 1. This is referred to as a coverage of 3. Gears with 
1 coverage of 6 to 8 show even greater increase 

It is important to specify a degree of coverage in ac 
cordance with the economics of the gears in question. For 
example, with gears involving a very high production rate, 
the cost of manufacturing the gears may be relativelv small 
In such a case, it might be economical to specify a coverag 
f 98%, or even less. The fatigue tests mentioned above 
have shown a more gradual increase in average life after 
1 coverage of about 80% is obtained 

Reference to Fig. 2 will reveal that the exposure time 
required to obtain 80% coverage is less than half that 
required for 98%. Consequently the additional increas« 
in fatigue strength at full coverage may, in some cases, not 
be warranted 

\ coverage of 3 is not uncommon in high volume pro 
duction of relatively low cost gears [here are applica 
tions in which the cost of manufacturing the gears is sufh 
ciently high that the cost of short peening is insignificant 
even though a coverage of 6 or 8 is specified. In this case, 


rease im fatigue strength can be had at negligible cost. 


212 


Choice of Shot Size 


The size of shot best suited for a given application de- 
pends upon the arc height and coverage to be obtained. 

For steel gears, a small shot at high velocity will result 
in about the same increase in fatigue strength as a larger 
shot at correspondingly lower velocity, provided the same 
arc height and coverage are used. However, whatever 
shot size is used, it is important to maintain uniformity 
of size for efficient operation 

Since the number of shot particles per pound varies 
inversely as the cube of their diameter, it follows that 
coverage is obtained much faster with small shot his, 
of course, means that the shot velocity must be highet 
to obtain the same arc height. However, in spite of the 
fact that shot usage per hour increases considerably with 
shot velocity, the increased production compensates for 
it, so ‘that the shot usage per part peened is about th 
same Che end result that the most economical opera- 
tion can be usually obtained by using the smallest uni- 
formly sized shot with which the required arc height can 


be obtained 


Type of Shot 


It has been demonstrated that it is not necessary that 
ears with a hardness of 60 R. have the 


Equally good results have 


shot for peening g 
same hardness as the work 
been obtained by peening fully hardened work with cast 
steel shot (42-50 R.) and with chilled iron shot (60 R 
A good grade of cast steel shot has a far greater resistance 
to breakage and therefore is much more economical 

Cut wire shot can also be used if its hardness is sufh 


ciently high and uniform. However, its use is usually 


limited to the larger sizes because of the increase in cost 


per pound as the size decreases 


Equipment for Shot Peening 


l'o insure an adequate peening job, the work should 
pass through the blast in a mechanically controlled cycle, 
so that all critical areas will be uniformly covered 

[he equipment for accelerating shot is generally of two 
tvpes—one which utilizes compressed air and the other a 
rotating bladed wheel Air equipment may be of the 
induction type which accelerates the shot within the 
nozzle itself, or direct pressure tvpe in which the shot is 
added to the air stream under pressure. 

Che induction nozzle is sometimes used in applications 
which require very few small parts to be peened Ihe 
direct pressure type is capable of throwing more shot at 
a higher velocity and therefore can be used in cases wher« 
more parts are required In applications involving a 
reduction of cost by shot peening in design, the volume of 
production is usually such that the natural choice is the 
wheel type of equipment. This is because of the fact that 
the wheel type is capable of accelerating many times as 
much shot, to the same velocity, with an éxpenditure of 
a fraction of the horsepower required in the compressed ai 


types 


REFERENCI 


Shot Peening in Relation to Gear Tooth Scoring by J. C. Straul 
Wheelabrator Corporation, Mishawaka, Indiana. Published 


Lubrication Engineering, March 1959, pp 106-109 
PI 
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From: Control Engineering 


G apPLICcATIONS 
FOR THE CAPSTAN-TYPE 
Capstan principle (above) is basis for mechanical power am- POWER AMPLIFIER 


fie below) that combines two counterrotating drums. Drums 
tinuously rotating but only transmit torque when input 
otated to tighten band on drum A. Overrun of output is 

y drum B, when overrun ghtens band on this drum 


Precise positioning and movement of heavy loads are 


two basic jobs for this all-mechanical torque booster. 


L. A. ZAHORSKY 
Universal Match Co. 


This mechanical power amplifier has a fast response. 
Power from its continuously rotating drums is instantane- 
ously available. When used for position-control applica- 
tions, such methods as pneumatic, hydraulic, and electrical 
syvstems—even with continuously running power sources— 
require transducers of some kind to change signals from 
me energy form to another. ‘The mechanical power ampli- 
fier, on the other hand, permits direct sensing of the con- 
trolled motion 

Four major advantages of this all-mechanical device 
ire 

1. Kinetic energy of the power source is continuously 
vailable for rapid response 
2. Motion can be duplicated and power amplified with- 
out converting energ, forms 


Drum 8 
(counter- Output torque arm 
\ 


Clockwise) . 


3. Position and rate feedback are inherent design chat 
icteristics 

+. Zero slip between input and output eliminates the 
possibility of cumulative error 

One other important advantage is the ease with which 
this device can be adapted to perform special functions- 
jobs for which other tvpes of systems would recuire the 
iddition of more costly and perhaps less reliable compo- 








nents. The six applications which follow illustrate how 


these advantages have been put to work in solving widely Bond 8 Input torque orm 
divergent problems. 
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1. Nonlinear broaching 


Problem: In broaching large bore rifles, the twist given to the 
lands and grooves represent a nonlinear function of barrel length. 
Development work on such rifles usually requires some experi 
mentation with this function \t present, rotation of the 
broaching head is performed by a purely mechanical arrangement 
consisting of a long heavy wedge-type cam and appropriate gear 
ing. For steep twist angles, however, the forces acting on this 
mechanism becomes extremely high 

Solution: A suitable mechanical power amplifier, with its inher 
nt position feedback, was added to the existing mechanical 
rangement, as shown in sketch. The cam and follower, instead 
of having to drive the broaching head, simply furnish enough 
torque to position the input shaft of the amplifier 


20-/b input 


Cam follower 


Mechanica! power 
‘ amplifier (Amplitica 
tion, 48 to /) 











Rar 


prrrrerrrrr rrr; 








2. Hydraulic winch control 


Problem: Hydraulic pump-motor systems represent an excellent 
method of controlling position and motion at high power level: 
In the 10- to 150-hp range, for example, the usual approach is to 
vary the output of a positive displacement pump in a closed 
loop hydraulic circuit. In many of the systems that might b 
used to control this displacement, however, a force feedback 
proportional to system pressure can lead to serious errors or even 
oscillations 

Solution: Sketch shows an external view of the complete packag« 
[he output shaft of the mechanical power amplifier controls 
pump displacement, while its input is controlled by hand. In a 
more recent development, requiring remote manual control, 
a servomotor replaces this local handwheel. Approximately 10 
lb-in. torque drives a 600 Ib-in. load. If this system had to 
transmit 600 Ib-in. the equipment would be more expensive 


ind more dangerous 





3. Load positioning 


Problem: It was necessary for a 750-lb load to be accelerated 
from standstill in 0.5 sec and brought into speed and position 
synchronization with a reference linear motion It was also 
necessary that the source of control motion be permitted to 
accelerate more rapidly than the load itself. Torque applied to 
the load could not be limited by means of a slipping devic« 

Solution: A system using a single mechanical power amplifier 
provided the solution, sketch. Here a mechanical memory devic« 
preloaded for either rotation is used to drive the input shaft of 
the amplifier. This permits the input source to accelerate a 
rapidly as desired. Total contro] input travel minus the input 
travel of the amplifier shaft is temporarily stored After 0.5 
sec the load reaches proper speed, and the memory device trans 
mits position information in exact synchronization with the input 





[ Velocity Displocement 




















notion input 





4. Tensile testing machine 


Problem: On a hydraulic tensile testing machine, stroke of th 
power cylinder had to be controlled as a function of two var 
iables: tension in, and extension of, the test specimen. A pro 
gramming device designed to provide a control signal propor 
tional to these variables, had an output power level of about 
0.001 hp—too low to drive the pressure regulator controlling th 
flow to the cylinder 

Solution: An analysis of the problem revealed three requirement 
output of the programmer had to be amplified about 60 times 
position accuracy had to be within 2 deg, and acceleration had 
to be held at a very low value. A mechanical power amplifier 
satisfied all three requirements. Sketch illustrates the completed 
system. Its design is based principally on steady-state char- 


acteristics. 
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Centro? stotion 
receiver ond indicolor 








Hremole meter and 
position transmitter 
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5. Remote metering & counting 


Problem: For a remote liquid metering job, synchro systems had 
been used to transmit remote meter readings to a central station 
and repeat this information on local indicating counters. ‘The 
operation involved a large number of meters and indicators. As 
new devices were added (ticket printers, for instance), the torque 
requirement also grew 

Solution: Use of mechanical power amplifiers in the cent 

tion indicators not only supplied extra output torque 

made it possible to use synchros even smaller than tho 


indicators alone 


selected to drive the 
Che synchro transmitters currently used operate at a maximum 
ot torqu Vhe 


mechanical power amplifiers furnish up to 100 Ib-in and are de- 


speed of 600 rpm and produce only about 3 oz-in 


signed to fit in the bottom of the registers as shown in sketch. 


Total accuracy is within 0.25 gallon, error is noncumulative. 





6. Irregular routing 


Problem: To remotely control the table position of a routing 


machine from information stored on a film strip 


The servoloop 
developed to interpret this information produced only about 
1 oz-in. of torque About 20 lb-ft was required at the table 
feedscrew 

Solution: Sketch shows how a mechanical power amplifier sup- 
table location. A 


motion output of the 


plied the necessary torque at the remot 
converts the rotary 


signal and sends it to a 


position transmitter 


} 


servoloop to a proportional electrical 


differential amplifier at the machine location. <A position receiver, 
geared to the output shaft, provides a signal proportional to table 
position The 
the difference 


tromagnet 


ompares these, amplifies 
ind sends a signal to cither 
lutch, which drives the input shaft of the mechani- 


differential amplifer 
counterrotating elec- 


cal power amplifier 


Position 
receiver 

















ecoocococes 
Gcoeococoeocas 




















OPERATING DATA FOR MECHANICAL POWER AMPLIFIERS 





RIFLE 
BROACH 


APPLICATION PARAMETERS 


ROUTER 


ACCELERATION 
SPEED AND 
POSITION 
CONTROL 


TENSHLE 
TESTER 


HYDRAVUUC 
WINCH 
CONTROL 


REMOTE 
METERING 


MPA SYSTEM MPA 


INPUT TORQUE LB. IN. 


OUTPUT TORQUE iB. IN. 


AMPLIFICATION 


NORMAL RPM 


MAXIMUM RPM 


NUMBER OF REVERSALS PER MINUTE 
STROKE FOR ABOVE REVERSALS 
ERRORS PERMITTED MPA 
BACKLASH 


PROPORTIONAL AT FULL LOAD 


SYSTEM 


0.75 


230 


308 


INPUT 108 950 


OUTPUT 18 


BROACH 


2 


230 


115 


20+ 2-6 


240 











REFERENCE: 


Mechanical Power 


by I 
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Amplifier Boosts Torque, Transmits Position 
\. Zahorsky, Manager, Components Engineering, Universal 


Match Co, St. Louis, Missouri. Published in Control Engineer 
ing, Feb '60, p. 80. 
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Fe en I eR rt 


SE a 


(E-19) Right Angle Gearing—Brochur 
Describes a gear form for light t 


pp ‘ ght t 
co yan “TT y aN eS ©O G S meiiten loads in 3:1 to 400:1 ratio range 


and BULLETINS 


ee 


Spiroid Div, Ilinois Tool Works, 2501 N 
Keeler Ave, 


Chicago 39 





To obtain copies of literature described below, write ipplications as worm gears 


prefix letter and number on reader service card. 


(E-1) Ball Screws, Splines and Ways 
Catalog, 5 pp 
dimensions, load, torque ind speed rating 
Also load-life factors Beaver Pre 
Product Inc, 651 N Rochester Rd. Cla 
on, Mich 


(E-2) Clutches and Converters—Bulletin, 


Provides plans, s} 
nstructions. Clutches hav 
from 105 to 500 Ib-ft in truck serv 
& Beck Div of Borg-Warner ¢ 

S Menard Ave, Chicago 38 


ecincation 


Speed Reducers—Catalog, 458 
les ratings, ratios and dimension 


} 


ounted reducers, variable speed 


I 
motor and reducer combinati 
tainless steel universal joints. Bos 
Gear Works, 14 Hayward St, Quincy 


Mas 


(E-4) Right Angle Gearing—Brochur 
yp. Describes skew axis gear sets for 


Spiroid Dis 
N Keeler Ave, 


Joints—Catalog 
nstruction, ratings, $1 
OD. Explains selectior 

il Joint, Inc, 4 Birnie 

Mass 


Universal 


(E-6) Worm Gear Sets—Bulletin, 23 pp 
Provid omplete dimensions, ratios, rat 
ngs, tooth data, general discussion of sub 
Ratios to 70:1] De Laval Steam 
Co, 200 Nottingham Way, Tren 

NJ 


7) Speed Reducers—Bulletin, 64 
vid onstruction details, dimensions, 


n data and selection tables for 


ift mounted, flange mounted, right ang] 
ind w conveyor drive type Dods 


Mfg Corp, S Union St, Mishawaka, Ind 


(E-8) Rotary 


lating hydrauli 


Actuators—Catalog, 20 pp 
actuator index 
Design for these and 
functions explained. Gis dimen 
Ex-Cello-O Cor 45 
E Sater St, Greenville, Ohi 


transfers 


ms and ratings 


(E-9) Clutches and Transmissions—Cata 


locs 8 1 


g PI 
dimensions, curves and charts for match 


». Offers installation diagrams, 


] ’ 
ing to small gasoline engines. Fairbanks, 


Morse & Co, Magneto & Engine Acces 
ores Div, Beloit, W 1SC. 
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Graphs and tables show 


(E-20) Right Angle Gearing—Brochur 


36 pp. Describes gear form used in similar 


k Designed for 


backlash control, production economy, pr¢ 
on and high ratios. Spiroid Div, Mi 

Brakes—Bul nois Tool Works, 2501 N Keeler Ave 

of multi Chicago 39 

disc brakes and clutches Brakes spring (F2 

or power engaged Fawick Airflex Div oe A 

Fawick Corp, 9919 Clinton Rd, Cleveland FF 

ll 


(E-10) Magnetic 
letin, 4 pp 


Clutches, 


Gives sizes, ratings 


1) Chains and Sprockets—Catalog, 
Provides dimensions and rating 
ind multip] strand, 
hain, sprockets, flexib] 
(E-11) Clutches and Brakes—Bulletin, 33 Link-Belt Co, Prudential Plaza, Chicago | 
Describes I upl 


and their use 


conveyor 
couplings 
lutches, br — = , 
(E-22) Compound Variable Speed Drives 
+ pp. Illustrates, tabulate 

, r ' <a ification r several v-belt drive system 
yy air expanc 2} 

In Box 312, Chagrin 


Airflex Div, Fav 
on Rd Cle land 1] 


mstruction 


(E-12) Magnetic Clutches and Brakes 


Bulletin, 8 pp. Pre 


m and operating 
from 36 to 48 


Div, Fawick C ' ( 
Cleveland 11 ich Rd, Detr 


23) Speed Reduc 


ers—Bi 
ra tor 


] ry 
nt l ipp i 


‘ 


(E-13) Overrunning Clutches (F-24) Power Transmission 
12 pp. Describes sprag typ I vhicl I les ful 
pr vide driv overrunn . 
two directions Formspr } 36 
Hoover Rd, Warren, Micl M 
S Aurora St, Ithaca, NY 
(E-14) Reversing Clutch—B 
Shows construction, specifications of torque 


25) Idler Pulleys—Bulletin, 4 pp 


apaciti s of pulley 


ms and 


converter - clutch - transmission package 
which has a capacity of 200 ft-lbs at 2500 $ | ball bearings. New Departu 
rpm. Funk Mfg Co, Box Coffeyville, yeneral Motors Corp, 269 N Main St 


Kans 3 ] onn 


Variable Drive—Brochure 


pp Output trom motor-generator drive 


(E-15) Transmissions—Catalog, 4 pp Speed 


Provides ratios, rating dimensions of 


ombined as otor. Drives range from 1 to 35 


needed. Funk Mfg Co, Box 577, Coffey eliance Electric & Engineering 
ville, Kans 7 1 Euclid Ave, Cleveland 17 


modular units that can be 


(E-16) V-belts—Catalog, 33 pp I eS 27) Ball Bearing Screws and Splines 


tables, graphs and instructior or desig italog, 24 pp. Provides ratings, dimen 


onstruction details, discussion and 
Saginaw Steering 


900 


ing a drive using belts and sheaves shown sion 
The Gates Rubber Co, 999 S Broadway, Ir of design factors 
Denver, Col Gear Div, General Motors Corp 
Holland Rd, Saginaw, Mich 

(E-17) Roller Bearings—Catalog 
Provides sizes and rating (E-28) Gear Couplings—Catalog, 19 

mstruction, dimensions and spc 
bearing Hyatt Bearing i en fications for all-steel couplings with ratings 
Motors Corp, Harrison, NJ to 4000 hp at 100 rpm. Sier-Bath Gear & 


Pump Co, 9211-A Hudson Blvd, N Ber 
ven, NJ 


olid and wound roller, solid and split 1 Show 


(E-18) Mitre Gear Units—Bulletin, 6 pp 
Provides 


mounting dimensions, capacities ' 

(E-29) Gear Couplings—Brochure, 4 pp 
Describes flexibl 
Crown Gear, Div of Harrington & Rich sleeves for speeds up to 5000 rpm. Sier 
ardson, Inc, 320 Park Ave, 


Worcester, Bath Pump & Gear Co, Inc, 9211-A 
Mass. Hudson Blvd, N Bergen, NJ 


suggested applications for right angle 


1 


power transfer units rated from } to 2 hp couplings with nylon 
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(E-30) Variable Pitch Sheaves—Catalog, 8 
pp. Wide speed-range, standard v-belt 
sheave combinations shown. Includes spe 
cifications, speed ratios, hp 
Speed Selector Inc, Box 312, Chagrin 


Falls, Ohio 


Capacities 


(E-31) Automatic Clutches and Brakes— 
Catalog, 4 pp 


tables for matching clutches to motors and 


Gives specifications and 


gasoline engines. Mercury or mechanical 
Mercury Clutch Div, Automa 
1201 Camden Ave 


actuation 
tic Steel Products, Inc, 
SW, Canton, Ohio 


(E-32) Flexible Shafts—Catalog, 8 pp 
Provides dimensioned drawings, tables of 
ratings for over 180 configurations. In 
cludes ordering information and design 
F W Stewart Corp, 4311 Ravens 


wood Ave 


criteria 
Chicago 
(E-33) 
pp. Provides 
ratings of different sizes. Converters are 


built with a 


Torque Converters—Bulletin, 14 
dimensions and horsepower 
single-stage oil turbine 
Torque rating of the largest converter 
is 650 lb-ft. Twin Disc Clutch Co, 1328 
Racine St, Racine, Wisc 


(E-34) Speed Reducers—Catalog, 92 pp 
Presents illustrations, ratings of worm and 
spur gear flexible 
couplings. Abart Gear & Machine Co, 
4834-36 W 16 St. Chicago 50 


reducers, gears and 


(E-35) Flexible Couplings—Catalog, 12 

Lists sizes and ratings of rubber 
cushioned, sleeve bearing flexible couplings 
for direct-connected machines. Variations 
include brake drum coupling, others. Ajax 
Flexible Coupling Co, Inc, 104 Portage 


Rd, Westfield, NY 


(E-36) Dihedral Gear Couplings—Catalog, 
8 pp. Self-aligning couplings handle angu 
lar and offset drives with standard, floating 
drives. Ajax Flexible 
104 Portage Rd, West 


shaft and spindle 
Coupling Co, Inc, 


field, NY 


(E-37) 


pp. Provides illustrations, tables of di 


Flexible Couplings—Bulletin, 4 
mensions and load capacities for couplings 


with rubber cushioned sleeve bearings and 
dihedral gears. Ajax Flexible Coupling Co, 


Inc, Westfield, NY 


(E-38) V-Belts—Catalog, 64 pp. Offers 
extensive data and design information such 

p rating 
speed ratios for many configurations. In 
cludes prices. American Biltrite Rubber 
Co, Boston Woven Hose & Rubber Div, 


29 Hampshire St, Cambridge, Mass 


speed tables, cross-sections, 


(E-39) Speed Reducers—Catalog, 28 pp 
Presents ratings of flanged and motorized 
worm gear speed reducers, American Stock 
Gear Div, Perfection Gear Co, 152 St & 
Vincennes Rd, Harvey, Il 
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(E-40) Gears—Catalog, 232 pp. Contains 
tables of dimensions and specifications for 
spur gears, change gears, worms, sprockets, 
universal joints and other stock items 
American Stock Gear Div, Perfection Gear 
Co, 152 St & Vincennes Rd, Harvey, Il 


(E-41) One-way Torque Device—Brochure, 
4 pp. Device combines bearings and 
couplings, allows only driving shaft to 
transmit torque. Ratings to 26,000 in.-lbs 
Ann Arbor Bearing & Mfg Co, 817 Wildt 
St, Ann Arbor, Mich 


(E-42) Universal Joints—Catalog, 28 pp 
Presents specifications and dimensions for 
covered and uncovered universal joints and 
industrial, aircraft and 
ordnance applications. The Apex Machine 
& Tool Co, 1025 §S Patterson Blvd, Day 
ton 2, Ohio 


assemblies for 


(E-43) Precision Gears—Catalog, 260 pp 
Provides data tables for solid and anti 
backlash spur gears with diametral pitches 
from 32 to 120 
ology, shafting, precision ball bearings 
Atlas Precision Products Co, 3801 Caster 
Ave, Philadelphia 24 


Also standards, termin 


(E-44) Fine Pitch Gears—Brochure 4 pp 
labulates gear tooth data and _ illustrates 
many types available. Beaver Gear Works, 
Inc, 1025 Parmele St, Rockford, Ill 


(E-45) Centralized Lubrication—Bulletin, 
4 pp. System consists of central pump, 
filter and reservoir from which oil is sent 
to bearings through individual 
Bijur Lubricating Corp, Rochelle Park, 


NJ 


meters 


(E-46) Gears and Couplings—Catalog, 80 
pp. Presents ratings, dimensions of gears 
speed reducers, sprockets, chain, flexible 
ouplings, universal joints, pillow blocks 
Includes design guides to aid selection 
Charles Bond Co, 617-623 Arch St, Phila 


delphia 


(E-47) Universal Joints—Brochure, 4+ pp 
Furnishes illustrations, parts lists, tables of 
dimensions and load capacities. Borgeson 
Mfg Co, Inc, 38 Monroe St, Torrington, 


Conn 


(E-48) Speed Reducers—Catalog, 28 pp 
Provides hp and torque ratings, efficiency 
graph, dimensional tables and_ selection 
guide for worm reducers and complete mo 
torized drives. David Brown, Inc, 999 
Beeches St, San Leandro, Cal 


(E-49) Spring Clutches—Catalog, 30 pp 
Explains operation, construction, applica 
tion of clutches which work by gripping 
action of a coil spring. Gives specific data 
on on-off, over-running and back-stopping, 
indexing and other types. Curtiss-Wright 
Corp, Marquette Div, 1145 Galewood Dr, 
Cleveland 10. 
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(E-50) Flexible Couplings—Brochure, 6 
pp. Provides dimensions, ratings, prices 
William J] Browne, 320 


and descriptions 


Broadway, NYC 7 
(E-51) Notched Belt Drives—Catalog, 56 


pp. Provides tables of speed ratios, capaci 
ties, dimensions and design guides for 
notched belts and pulleys. Browning Mfg 


Co, Maysv ille, Ky 


(E-52) Electro-mechanical Clutches and 
Brakes—Bulletin, 4 pp. Size range fits 
servomechanisms, computers, iutomation 
equipment. Smallest capacity is 24 in.-oz 
torque. Carmody Corp, 2360 Wehrle Dr, 


Buffalo 21 


(E-53) Gears and Sprockets—Catalog, 140 
pp. Also includes: Couplings, hand wheels, 
blocks, 
bushings, bearings, r 
Chicago Gear Works 
Blvd, Chicago 12 


pillow pulleys, speed reducers, 


ler chain and others 


440-450 N Oakley 


(E-54) Speed Reducers—Bulletin, 24 pp 
Presents dimensions, rating, construction 
of fan cooled worm gear reducer Cle 


land Worm & Gear Div, Eaton Mfg Co 
3249 E 80 St, Cl land, Ohio 


(E-55) Variable Speed Drive—Bulletin, 8 
pp. Mechanical, in-line drive gives rati 

from 3:1 to 1:3. Ratings and dimensions 
ire shown. Cleveland Worm & Gear Div, 
Eaton Mfg Co, 3300 E 80 St, Cleveland 4 


(E-56) Silicone Lubricants—Brochur § 
pp. Compares silicone oils ind greases to 
organic lubricants. Dow Corning Corp, 


Midland, Mich 


(E-57) Heavy Duty Transmissions—Bro 


chure, 8 pp. Shows standard single-speed 
transmissions rated to take up to 
ft-lbs input torque. Includes son 

speed custom models. Cotta Transmi 

Co, 2340 11 St, Rockford, Il 

(E-58) Gears—Brochuri pp. Illustrates 
facilities for making small and medium 
size gears. Charles E Crofoot Corp, Cer 
tral St, S Easton, Mas 


Reducers—( 


(E-59) Worm Gear 


Provides notes on selection 


30 pp ] 
PI 

tables, efficiency graph 

units to 250 hp. Crofts US A In 


W Peterson Ave, Chicago 45 


(E-60) Couplings—Catalog, 4 pp. Gi 

tables of specifications and dimensions of 
flexible and shear types 
selecting. Brown Engineering Co, 108 N 


Third St, Reading, Pa 


Includes guide for 


(E-61) Ribbed V-belts—Brochure, 4 pp 
Shows belt horsepower ratings and dimen 
sions of belt cross-sections. Dayton Indus 
trial Products Co, 2001 Janice Ave, Mel 
rose Park, III. 


continued 
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The Most Comprehensive Gear Service ever offered! 


Sier-Bath’ 


Tri-Dimensionat 


Trp NR 5 Tee 
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GEAR RANCE and senvices 


Bevel Gears, Straight and Coniflex, 
2” to 24” 0.D., depending on ratio, 
3 to 32 Pitch 


Miter Gears, 2” to 17” 0.D., 3 to 32 P 
Spur Gears, 2” to 48” 0.D., 3 to 48 P 
Helical Gears, 2” to 48” 0.D., 3 to 48 P. 


Ground and Crown-Ground Helical and 
Spur Gears to 12” 0.D., 4 to 48 P 


Other Ground Tooth Spur Gears to 17 
0.D., 4 te 16 P 


Worm Gears, 2” to 48” 0.D., 3 to 32 P. 
Worms to 12” 0.D. by 36” long 
Ground Thread Worms to 6” 0.D 


Herringbone Gears, to 36” 0.D., 3 
to 24 P 


instrument Gears, 1” dia. up, to 48 P 
Internal Gears, 2” to 36” 0.D., 4 to 
48 P 


Involute and Square Splines, ground 
and unground to 16” 0.D. by 36° 
long 

Shafts, splined and pinioned to 60” 
long 

Internal Helical Broaching to 24” 
Diameter of Blank 

Precision Hobbing, Shaving, Grinding 
of all materials 

Gear Boxes custom designed and mfd 








Sier-Bath 


PRECISION 
GEARS 


Gear Service 


GUARANTEED 
TO MEET YOUR 
REQUIREMENTS 


Your first bonus from Sier-Bath’'s Tri- 
Dimensional Service is free consultation 
with our gear design engineering staff 
of incomparable ability developed 
through designing unending thousands 
of advanced design successes. Your gears 
and gear units are designed to the most 
advanced principles of “gearometry,” 
to assure the ONE best gear design for 


your particular application the first time 


around. 


Your second bonus is the infallibly accurate 
—and economical—production of your 
gears and gear units by Sier-Bath’s 
skilled gear craftsmen, working with the 
most advanced, automatic, high-speed 
production equipment and the most ex- 


> 
IMMEDIATE 
and ANALYTICAL 
FIELD SERVICE 


(Before and after 
installation) 


tensive gear testing equipment ever 
assembled under one roof. Sier-Bath 
precision gears provide master gear 
benefits at a fraction of the price. 


Your third bonus is the use of our gear ex- 
perts at your plant or in the field, before 
and after installation, to assure the 
advantageous performance and _sale- 
ability of your units. 


Moke Sier-Bath your “gear department” 
for complete service including design, 
engineering, tooling, production, in- 
spection and dependable field service. 
You'll save engineering time, get better 
gears at lower cost and give your ma- 
chines utmost productive capacity and 
trouble-free operation. 


Send your gear drawings—or request one of our engineers to discuss your gear 
applications. Write for comprehensive Gear Manual on your company letterhead. 


Sier- Bath GEAR and PUMP C0., INC... 9238-8 Hudson Blvd., North Bergen, W. J. 


CIRCLE 218 ON READER SERVICE CARD 


Founded 1905 Members A.G.M.A, 
o 


Also manufacturers of Rotary 
Pumps and Flexible Gear Couplings 
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PACKAGED REVERSIBLE _ 
TRANSMISSION 


with F-M centrifugal clutch. 
Three Ibs. of compact 
power control. 





F-M's FAMOUS / F-M's INTERNAL 
CENTRIFUGAL CLUTCH Ae EXPANDING BRAKE 
Highest torque per inch ; . is internal expanding, self- 
per dollar. q Pa energizing. Also available 
as live axie brake. 











Control Small Engine Power 


WITH THIS THRIFTY THREESOME! 


Here's a space-saving, thrifty threesome that starts, stops, idles or pulleys, sprockets, gear or coupling drives. Free-wheeling. Over 


reverses standard small gasoline engines or motors in many types of protected. Adjusts to engage smoothly at desired speed as 
original equipment such as power mowers, saws, lawn sweepers, accelerates. Available separately or as integral part of F-M package 
portable elevators and golf carts. Often they make it possible for reversible transmission 

designers to specify less expensive, lower hp power units, tool INTERNAL EXPANDING BRAKE, very compact, self 
PACKAGED REVERSIBLE TRANSMISSION for 114 to 5 hp use. small power tools, vehicles. Stationary or live axle t 

Only 4” long, less than 5” diam., it mounts on engine or motor shaft in 3%” and 5” sizes. 

extension or may be used as auxiliary drive. Eliminates gear shifting Chances are excellent that one or more of 

levers, belt tighteners. Includes the famous F-M automatic clutch threesome can save you both in dollars and simplif 

4s follows 1% to 5 hp applications. 


AUTOMATIC CENTRIFUGAL CLUTCH produces up to 50 Ib. ft. at Get the facts .. . today. Write to: Fairbanks, Morse « 
3600 rpm. Three standard types, extremely compact, adapt easily to and Engine Accessories Division, Beloit, Wisconsin. 


Fairbanks, Morse 


MAGNETO AND ENGINE ACCESSORIES DIVISION 
A MAJOR INOUSTRIAL COMPONENT OF FAIRBANKS WHITNEY CORPORATION 
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THE HILLIARD LINE OF 
CLUTCHES, COUPLINGS, DRIVE UNITS: - 


SINGLE REVOLUTION CLUTCH 


USE. Rivet machines, snap fastener machines, shears, staplers, bottling 
machinery, cut-off mechanisms, indexing and feeding equipment, packag- 
ing processes or wherever controlled intermittent motion is necessary from 
a continuously rotating source of power. 
SPECIFICATIONS 

Made in 2 types in 11 standard sizes plus special designs to suit 
particular applications. Smallest standard size—1%” diameter x 
11345” shaft length. %” bore, .04 H.P. @ 100 r.p.m. 2 foot 
pounds torque normal rating. Speed up to 850 r.p.m. under 
certain conditions. Largest standard size—17%” diameter x 
175g” shaft length, bore up to 41%,”, 176 H.P. @ 100 r.p.m., 
9240 foot pounds torque normal rating. Approximate maximum 
speed 65 r.p.m. Write for Bulletin 239 for further detailed 
information. 


WEDGE-ROLL 
THE NEW OVER-RUNNING CLUTCH 


A new improved type of clutch designed for specific appli- 
cation where great torque capacity is needed in a limited 
space and for high speed operation. Has all the regular 
features of over-running clutches plus exceptionally low free 
wheeling resistance and balanced design to result in longer 
service life. The Wedge-Roll Clutch cannot jam or lock in 
reverse even after long wear. There are four clutch sizes ranging 
from 3%” to 7%” diameter and from 1.8 to 36 H.P. at 100 
RPM. Additional sizes, both larger and smaller, are available on 
special order, Ask for the Wedge-Roll Bulletin. 


CENTRIFUGAL 
AUTOMATIC CENTRIFUGAL CLUTCH COUPLING 


Improves starting conditions and provides smooth acceleration 
on drives for high inertia equipment; prevents excessive torque 
transmission during starting of textile machinery; prevents tor- 
sional resonance on internal combustion engine drives; provides 
automatic coupling on emergency and ial ton systems; pro- 
vides overload protection and has exceptional ability to com- 
pensate for all types of misalignment. Operating mechanism 
requires no lubrication. Write for Bulletin CE-3 for additional 
information. 


@ HILLIARD CLUTCHES AND COUPLINGS ARE EXCELLENT 
FOR ALL CLASSES OF INDUSTRIAL MACHINERY 


INTERMITTENT DRIVE UNIT 


Lr eS 
i 
<i 


Hilliard’s complete, single package unit that converts rotary 
power to precise intermittent motion . . . clip and bend, shear or 
slash, oscillate or repeat, raise or lower, index and position. It 
can be installed on existing equipment, designed into new 
machinery and reused after production line changes. I.D.U. 
eliminates the need of buying separate parts to assemble a 
“custom” machine with assorted mechanisms to apply and con- 
trol it. Features highly flexible control — manual, mechanical or 
electrical — permitting “demand” t operations in fixed or 
variable cycles. A protected drive, totally enclosed in an oil bath 
housing, it is ideal for dusty, “steamed” or “wash-down” condi- 
tions. Bulletin. 1.0.U. 2 


OVER-RUNNING CLUTCH 


USE: Dual drive, two speed drive or standby drive on boiler stokers, 
blowers, induced or forced draft fans, dry cleaning machines, ventilating 


fans and similar equipment 
Also for ratchet feed on presses or automatic back-stop on conveyors or to 


permit free rotation when the driver slows or stops 
SPECIFICATIONS 
Made in 7 types and 15 standard sizes plus special designs for 
specific installations. Smallest standard size—1!%,_” diameter x 
12544” shaft length. %” bore, % H.P. @ 100 7. 31.5 inch 
pounds torque normal rating. Largest standard size—25” di- 
ameter x 16%” shaft length 7%%,6” maximum bore, 394 H.P 
@100 r.p.m. 20694 foot pounds torque normal rating. Ask for 
Bulletin 231 for comprehensive data. 


SLIP CLUTCH 


USE: to protect speed reducers or gear trains against destructive overload, 
to reduce shock in door opening and closing mechanisms, as a safety 
feature where a machine is subject to jamming or to limit the torque of 


any drive. . 
Also to provide constant tension with varying speed as in a reeling or 


winding application 

SPECIFICATIONS 
Made in 15 types and 11 sizes. The torque transmission of all 
slip units is adjustable and some models can be adjusted while 
in operation. Smallest clutch (light series)—-2%” diameter x 
1%” shaft length, %” or 5s” bore, 9 foot pounds torque maxi- 
mum capacity. Smallest clutch (regular series) 5%” diameter x 
4%” shaft length, %”, 1” or 1%” bore, 38 foot pounds torque 
capacity. Largest clutch-27” diameter x 31%” shaft length, 
bore up to 8” 24600 foot pounds torque capacity. For complete 
description, request a copy for Bulletin 300. 


All Products of THE HILLIARD CORPORATION exmira, NEW YORK 
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Jo assure product superiority 
leading manufacturers specify 


piroid 


gears 


@ increased efficiency 

@ more power in less space 
@ positive backlash control 
@ exceptional accuracy 

@ ratios from 9:1 to 300:1 


These are only a few of the hundreds of proved appli- 
cations utilizing the unique design and performance 
advantages of Spiroid gears. You may choose Spiroid 
gears in nylon, compacted metals, die-cast aluminum, 
bronze or hardened steel. They are available in ratios 
from 9:1 to 300:1 and range in size from gears for 
compact portable can openers to gears for the huge 
screw jacks in the world's largest wind tunnel. Spiroid 
gears cost from as little as 35¢ a set to as much as 
$4000 a set depending on their size, material, strength 
and accuracy requirements; each serves a specific 
need as economically as possible. 

To get the full story of Spiroid gear strength, shock 
resistance, space and weight savings as well as their 
manufacturing and assembly versatility, send for your 
free file, “Low cost design begins with Spiroid's 
family of modern gears."" Booklets on Planoid® and 
Helicon® gears will be included. 


Spiroid gears are used to rotate each of the three lead screws controlling 
the axes of the Kearney and Trecker “Milwaukee-matic”, an automatic, 
tape controlled unit that can drill, bore and mill. Spiroid gears were 
selected because they can handle the required heavy torques at near zero 
backlash—a must for machine repeatability. 





On-the b proof at 


NATIONAL CASH REGISTER 
Spiroid’® 
gears 


SPIROID DIVISION OF ee | 
ILLINOIS TOOL WORKS : ; | 
2501 North Keeler Avenue, Chicago 39, Ill. | 


TS TRANSMISSION BELTS from the Power Unlimited complete belt line 


POWER UNLIMITED.. 


U.S. Rubber’s research, development and manufacturing facilities all 
combine to produce Endless Transmission Belts that fulfill every Power 


Transmission need. For example: 


U.S. PowenGair “TIMING” BELT 


These belts, invented by “U.S.” research and manu- 
factured by the “U.S.” unparalleled facilities (in the 
only plant in the industry devoted exclusively to the 
production of endless transmission belts), are pat- 
ented products. They were acclaimed by the Frank- 
lin Institute of Philadelphia the greatest power 
transmission belt invented in this decade. 


PowerGrip “Timing”® Belts never stretch. They 
require no lubricating or maintenance. Operating 
without tension, they prolong the life of bearings. 
They are used on drives from fleapower to 1,000 hp. 
Speeds are from imperceptible to the eye and up to 
16,000 f£.p.m. 


U.S. ROYAL V-BELTS 


U.S. Royal V-Belts, with 40% greater h.p., are 
made by entirely advanced automation and 
curing processes. 

They are without question unequalled for 
service on multiple transmission drives. Their 
length-stability makes this an undisputed fact. 
This has been proven in actual plant use in 
all parts of the country—on the West Coast 
(Ranchers Cotton Oil Co., Fresno, Calif.), 
the East Coast (The Ruberoid Co., Gloucester 
City, N. J.) and in a New England paper- 
making plant, to point out a few. Any U.S. 
Royal V-Belt will continue to pull its full 
share of the load long after one or more of 


oe", * 


the belts on an ordinary set have given up. 

The length-stability of U.S. Royal V-Belts 
saves you dollars in Time and dollars in IN- 
VENTORY. 


— 
Beeteres” 
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o — ~ the only complete line of Transmission Belts 


PRESS-CURED V-BELTS SPINNER BELTS 


The U.S. Royal line, of course, includes sizes This belt will travel up to 113 mph with no vibra- 
larger than 180”. These giant size V-belts are built tion, no noise. The reduction in the length of 
by a new “U. S.” process that practically eliminates modern spinning machines requires a belt of this 
length variation and greatly reduces belt matching high speed. Special “U.S.” construction methods 
problems. make possible building of belt with a minimum of 
splices, regardless of length. Contamination of 


yarn is prevented by another unique feature: no 





vp tension member booster plies 


rubber on outside surfaces. The belt for uniform 
twist and smooth spindle operation. 


U.S. ROYAL FLAT BELTS 


U. S. Spinner Belts are only one type of belt in the 


VARIABLE SPEED BELTS U.S. Complete Flat Belt line. “U.S.” produces a 


variety of belts for a multiplicity of services. They 
This Belt is non-squash, non-sag. This is the belt each feature a specially 


to do away with Variable Speed Belt problems. 


crushprool foundation 


flex:-grooves protective cover 











woven duck for top 


strength and tenacity with top-quality friction 
Hard, rigid rubber encloses soft rubber containing between plies. 


tension members. The exclusive and complete ri- 

gidity in these belts prevents squashing. U S FLEXIBLE COUPLINGS 

In plant after plant, users find that lengthwise 8 a 
stretch is just about non-existent. No sagging. This Misalignment, whether angular, axial or lateral, is 
belt has complete accuracy regardless of speed compensated for by this coupling, most versatile 


changes—whether you switch from 2,000 rpm to 10. ever produced. It provides torsional resilience by 
angular displacement and insulates both vibration- 


U S ROYAL SPEEDAGE KORD ally and electronically (no metal-to-metal contact). 
ENDLESS BELTS Design of this coupling is so free of complicated 


parts that cost is truly low in comparison with other 
The U.S. Speedage Kord® Endless Belts are for couplings. It will pay you to insist on having these 
really high-speed service—up to 18,000 f.p.m. Thin tried on your machinery. The result will be a very 
enough to operate over pulleys as small as %” in desirable reduction in maintenance costs. 
diameter. Designed for work on open, serpentine 
and reverse drives. No seams, splices or laps to 
cause vibration. Available from stock in a wide 


range of popular sizes. 


The one and only sure way to get expert transmission engineering 
service is through your U.S. Rubber Transmission Distributor. He 
stocks the only complete transmission belt line. He never attempts to 
make one type of belt perform where another type should be used. 
He is unbiased in seeing that you get the right belt for your needs. 


Mechanical Goods Division 


United States Rubber 


WORLD'S LARGEST MANUFACTURER OF INDUSTRIAL RUBBER PRODUCTS 


Rockefeller Center, New York 20, N.Y. In Canada: Dominion Rubber Company, Ltd. 
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and 
(H 


Tor 


224 


er labyrinth or mechanical seals 


OVER-RUNNING /; 


INDEXING (Ratcheting 


BACKHKSTOPPING Ho/dba 


SERIES 400 TO 
708 CLUTCHES 
are available in 
Fr rmsprag (FS), High- 
Over-running (HPO) 
gh-Performance Indexing 
Pl) models. Clutches have 


SERIES 750 TO 
1000 CLUTCHES 


Standard Formsprag 
Holdback (HB), 
Performance 
(HPO) and High-Perfort 
Indexing (HPI) 
either 
seals Ma 

’” to 2% ters: 2” to 6 
que Capacities: 95 Ibs. ft. to ties: 1,900 Ibs. ft. 
10 Ibs. ft. ft. 


ches 


requires. Maximum ximum Bore 


eters 


Dual Torque-Locking and Positioning Devices 
Stop Feedback Torque and Provide 
Two-Directional Positioning, Drive, Over-running, 
Backstopping and Load-Limiting. 

These multi-purpose 
devices have an excep- 
of 
application and may be 
adapted for single revo- 


tionally wide range 


lution and torque limit- 
ing functions. They also 
offer greater torque ca- 
pacity for their size and weight and permit higher 
over-running speeds than any similar device. 
Standard models having bores or shaft sizes from 
Y%” to 242” in diameter provide torque capacities 
ranging from 40 Ibs. to 30,000 Ibs. in. Small- 


est sizes have mounting flange on outer race, 


in. 
are 
permanently lubricated and can be used for end- 
to-end or coaxial drive. Write for technical bulletin. 
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mechanical or labyrint 


(FS) 
High 
Over-running 
nance 
clutches have 


h 


Diame- 
Torque Capaci- 
to 13,500 Ibs. 


FORMS PRAG 


OvVER-RUNNING 


CL.OUTCHES 


For Greatest Torque, 
Precision and Life 


The Formsprag clutch consists of a full complement of 
shaped sprags located between two concentric races. Full 
the 
there is no lost 


torque is transmitted from one race to the other by 
wedging action of these precision sprags 
motion or slipping 


Also, the sprags engage at constantly 


changing contact points—clutch life is lengthened and back 
lash eliminated. With greater contact in a given annular 
space, Formsprag clutches transmit more torque in relation 
to 


size and weight Clutch-couplings utilizing Formsprag 


ball bearing clutches are also available. 


LARGE BORE 
HOLDBACKS 


sprag large bore clutches are Economical 
for mounting on clutc 


conveyors or 


SMALL, LIGHT-DUTY 
CLUTCHES 


light-duty For 

hes transmit maxim 

Ly for their size. These accur 
plication requiring high torque pact clutches are 
ver nning ires. These ichines, instruments and 

backstops can be modified t ichines. Prov 

mountings. Maximum Bore Diem ' g compone 

eters: 6° to 12 Torque Capaci gears, cams, levers, etc 

ties: 18,500 Ibs. ft. to 136,5 Bore Diameters s" to 

Ibs. ft. Capacities: 50 Ibs. in. to 200 Ibs 


suited 
vd hafts of 


ideal for t 


~ RAWSON 
‘ s 

Centrifugal Clutches and Clutch-Couplings 
Overload Protection, 


Provide Cushioned Starts, 
Reduced Costs and Improved Motor Performance. 
The reliability, 
ness and greater capacity 


compact- 


of Rawson Clutches have 
proved especially effec- 
in aircraft applica- 
tions such as helicopter 
transmissions. 


tive 


Used in a wide variety 
of other applications, Rawson Clutches eliminate 
the need for costly reduced voltage starting equip- 
ment and permit using lower cost smaller motors. 
Write for catalog. 


Precision Power Transmission Products 


Ppemsrnac COMPANY 


23607 HOOVER ROAD, DEPT. 108-A 
WARREN (Detroit), MICHIGAN 
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Design around gears you can get today 
— — AA2 


SPUR GEARS — STEEL, IRON, BRASS 144° and 20° P.A. .208” to 40” P.D. NON-METALLIC SPUR GEARS 144° and 20° P.A. .938” to 6.667” P.D. 


q 
= Ta. 


STEEL SPIRAL MITERS 1” to 5” P.D 
HELICAL GEARS Steel and Bronze .333” to 6” P.D. 


BEVEL and MITER GEARS Steel, Iron, and Brass 20° P.A. 
312” to 14” P.D. 


_ 


WORM GEARS Bronze and Iron .417” to 18” P.D. 


RACK + PINION WIRE Steel and Brass 1442° and 20° P.A. 
WORMS .333” to 4” P.D. Soft steel and hardened and ground steel 


PINIONS + INTERNAL GEARS 


Build it better... for less...without 


Design around standardized BOSTON Gears 
FROM STOCK is the quickest (and lower- 
cost) way to get your project “off the board” 
and in production — whether it’s a prototype, 
a product for resale, or new equipment for your 


own plant. Catalog No. 57 lists over 2000 gears. 


Your nearby Distributor will help you sim- 
plify planning and show you how to get the 
biggest benefits from BOSTON Gear stand- 
ardization — in lower costs, in easier mainte- 
nance, in simplified servicing. Boston Gear 
Works, 71 Hayward St., Quincy 71, Mass. 


OFF-THE-SHELF CALL YOUR 
FROM STOCK cane AAC ene 
sel 


AT FACTORY PRICES 


™ STANDARO/IZATION pn = 
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There is only one ANGLgear... 
and it is made only by Airborne 


Quality of ANGLgear construction is evident in cutaway view. ANGL gear gives you all the 
features of other drives, plus greater hp range (4 to 5); permanent lubrication; and 
Coniflex* design gears for more even load distribution, reduced wear, quieter operation. 


ANGLgear — introduced in 1951— 
is the original standardized right- 
angle drive. It is also the No. 
1 product in its field—in sales, 
availability, quality, performance. 
Witness the thousands of satisfied 
customers who have bought 
ANGLgear to date — for applica- 
tions ranging from simple manual 
control of valves to classified 
installations aboard nuclear sub- 
marines. 

In design and _ construction, 
ANGLgear has been refined to 
the point of being virtually fool- 
proof, provided it is not grossly 
overloaded. Take a unit off the 
shelf, install it, run it—for years. 


*Trademark of the Gleason Works 


And attention is seldom required. 

Besides being maintenance- 
free, ANGLgear is also easy to 
design into your power transmis- 
sion systems because of its univer- 
sal mounting feature. And it 
invariably costs less than other 
types of drives. ANGLgear is 
distributed nationally and is avail- 
able immediately from local 
distributor stocks in the models 
listed here. Special sizes, special 
gear ratios, etc., can also be fur- 
nished. For complete engineering 
data, contact our local distributor, 
or write direct for new Catalog 
IA-58. ANGLgear design tem- 
plate kits are available on request. 











as 


ANG\Lgear is available from local distributor stocks in 4 
sizes, 16 models, with various gearing and shaft options. 








BASIC MODEL DATA 
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Engineered Equipment for Aircraft and Industry 


AIRBORNE ACCESSORIES CORPORATION 


HILLSIDE 5, NEW JERSEY 
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No Time for Power Transmission Failure 


When there are crops to be harvested, roads to be built, delivery schedules to be met... 
this is no time for repair or maintenance downtime. 


That’s why so many original equipment manufacturers look to Borg-Warner for depend- 
able, stay-on-the-job power transmission components. To Borg & Beck and Long Manu- 
facturing divisions for clutches and torque converters. To B-W’s Morse Chain Company 
for timing, silent and roller chains, speed reducers and flexible couplings. To Warner 
Automotive division for gear boxes, conventional and spin-resistant differentials, and power 
train assemblies. To Rockford Clutch division for heavy duty clutches and power take-offs 
To Mechanics Universal Joint division for roller bearing universal joints and propeller 
shafts of all types and sizes. To Spring division for torque converter parts and sub- 
assemblies. To Warner Gear division for standard and automatic transmissions. 


Right from its start, Borg-Warner has pioneered and set the pace in ad- 
vanced-design power transmission products. And today, through creative 
research and engineering, Borg-Warner continues to develop still better 
products for your needs of tomorrow. 


The 7 Hats of Borg-Warner .. . (top) ih 0 RG-WARN FR 
National defense; oil, steel and chemi- 


cal; (middle) agriculture; industrial ma- 
chinery; aviation; (bottom) automotive BETTER PRODUCTS THROUGH CREATIVE RESEARCH AND ENGINEERING 


industry; home equipment. Borg-Warner Corporation + 200 South Michigan Avenue « Chicago 4, Illinois 
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How “Ng Minimizes Elecrric Moror No/se / 


PRODUCT [INFORMATION 


In New Departure’s full-time noise analysis 
program, a unique sound booth and special 
electronic sound level equipment are used to 
pinpoint and evaluate electric motor noise. 
Inside the booth, a condenser microphone picks 
up air-borne noise from the running motor. 
Outside, the signal is electronically registered 
and recorded. 

By changing one variable at a time, such as 
bearing or mounting design, or lubricant, N/D 
engineers are able to select the proper com- 





N/D sound booth for analysis of electric motor 
noise, mounted on springs and constructed 
with non-parallel walls, assures manufacturers 
@ scientific solution to electric motor noise 
problems. Motors are tested with special 
electronic sound evaluati quip ft. 





= 





bination that results in the quietest motor 
operation. That’s why you'll find New Depar- 
ture precision ball bearings specified for electric 
motors to be used in quality home appliances, 
instruments, fans, hand tools and other appli- 
cations ... for greater consumer sales appeal. 
If you have an electric motor noise problem, 
contact the N/D Sales Engineer in your area. 
For additional information call or write New 
Departure Division, General Motors Corpora- 
tion, Bristol, Connecticut. 


Ne 


ESV Coe fo», 2 TT J! ee 


BALL BEARINGS 
proved reliability you can huild around 
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DYNAMIC Ya} POWER CONTROL 
by ROCKFORD 


CLUTCHES, POWER TAKE-OFFS 
AND SPEED REDUCERS 


Positive, full-motion driving power with cushioned starts 
and controllability . . . this is Dynamic Power Control. 
Rockford automotive and industrial clutches transmit 
smooth and instantaneous power to light, medium or heavy 
work loads. Torque loads range from 126 inch lbs 

to 3,235 foot Ibs.! Sizes vary from the compact 134,” dia. 
Pullmore Clutch to the giant 17” Over-Center unit. 
Applications range from small machine tools to heavy 
road building equipment. Rockford will help solve 

your control problems. Write today for illustrated brochure. 


SPRING-LOADED CLUTCHES 


These rugged clutches are used on motor trucks, cars, farm 
tractors, graders, and other wheeled vehicles where the clutch 
is in almost constant engagement. The clutch is disengaged by 
foot pedal or hand lever pressure 


OVER-CENTER CLUTCHES 


The clutches with built-in durability are used on agricultural 
machinery, cranes, tractors, concrete mixers, compressors, ex- 
cavators, pumps, oil field and road-building equipment where 
disengagement and engagement may be for long periods of time. 


PULLMORE MULTIPLE-DISC CLUTCHES 


Compact Pullmore Clutches are used on metalworking machines, 
machine tools, materials handling equipment, dairy and confec- 
tionery machinery, winches, spring coilers, blueprint machines, 
and other industrial equipment. Pullmore Clutches provide 
smooth starting by hand or booster control. Oil or dry operation. 


POWER TAKE-OFFS 


Rockford’s efficient PTO’s are used on independent power units 
and built-in engines for powered equipment. Rockford PTO’s 
are available with light or heavy duty Over-Center Clutches, 
They are suitable for all internal combustion engines in a wide 
range of sizes to fit standard S.A.E. flywheel housings. 


SPEED REDUCERS 


Heavy-duty gear reduction units are used to transmit power 
from internal combustion engines to output shafts where speeds 
are required to be slower than engine speeds. They are available 
in a wide range of sizes to fit standard S.A.E. flywheel housings. 


ROCKFORD CLUTCHES 


Oc arose 


ROCKFORD CLUTCH DIVISION | BORG-WARNER 
oe ae bia 


— 
209 CATHERINE STREET si ROCKFORD, ILL. 
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DELIVERY! 


ON %” AND 2" O.D. 


Non-Magnetic 
18-8 TYPE 303 STAINLESS 


UNIVERSAL JOINTS 


Manufacturers of electronic 
equipment have come to de- 
pend on Curtis for precision- 
made non-magnetic universal 
joints of 18-8 Type 303 stainless 
steel, in the sizes most fre- 
quently used in the industry. 
Other sizes are also readily avail- 
able; also bronze joints. 

Curtis joints benefit by a 
rigid insistence on uncom- 
promising inspection and qual- 
ity control at every stage of 
manufacture, insuring mini- 
mum backlash. 

Curtis torque and load rat- 
ings are entirely dependable, 
since they are based on con- 
tinuous testing under actual 
operating conditions. 

Not sold through distribu- 
tors. It will be to your ad- 
vantage to write or phone 
(REpublic 7-0281) for free 
engineering data and price list. 


TRADE 
CURTIS ¢ 
MARK 


UNIVERSAL JOINT CO., INC. 
119A Birnie Avenve, Springfield, Mass. 


As near to you as your telephone 


A MANUFACTURER OF 
UNIVERSAL JOINTS SINCE 1919 





catalogs and bulletins . continued 


(E-62) Miniature Magnetic Clutches and 
Brakes—Catalog, 19 pp. Contains dimen- 
sioned drawings, ratings, performance 
curves. Includes tension controls and 
flexible couplings. Dial Products Co, 19 
Cottage St, Bayonne, NJ. 


(E-63) Short Pitch Chain—Bulletin, 4 pp. 
Describes nonmagnetic stainless steel roller 
chain with pitch of 0.1475 in. for instru- 
ment or electronic use. Also sprockets. 
Diamond Chain Co, Inc, 402 Kentucky 
Ave, Indianapolis, Ind. 


(E-64) Magnetic Disc Brakes—Bulletin, 8 
pp. Presents dimensions, capacities for 
units for motors to 50 hp. Dings Brakes, 
Inc, 4740 W Electric Ave, Milwaukee 46, 
Wisc. 


(E-65) Worm Gear Speed Reducers— 
Bulletin, 24 pp. Furnishes drawings, 
ratings and load factors for fan-cooled re- 
ducers. Ratings to 39.6 hp. Cleveland 
Worm & Gear Div, Eaton Mfg Co, 3300 
E 80 St, Cleveland 4. 


(E-66) Electric Speed Control—Bulletin, 
16 pp. Describes eddy-current couplings, 
drives, brakes, dynamometers and magne- 
tically controlled clutches and brakes. 
Dynamatic Div of Eaton Mfg Co, 3122 
14 Ave, Kenosha, Wisc. 


(E-67) Disc Clutches—Four bulletins, 15 
pp. Provides ratings, dimensions for gear, 
shaft, pulley, pin drives. Includes slip 
clutches. The Edgemont Machine Co, 
2200 Home Ave, Dayton 17, Ohio. 


(E-68) Solid Film Lubricants—Brochure, 
16 pp. Liquids air dry or heat cure. 
Describes application procedure for corro- 
sion resistant, high temperature and other 
lubricants. Electrofilm, Inc, Box 106 N 
Hollywood, Cal. 


(E-69) Belting—Catalog, 8 pp. Shows how 
to select and maintain power transmission 
belting. Characteristics and construction 
shown. Extremultus, Inc, 25-11 40 Ave, 
LI City, NY. 


(E-70) Lubrication—Bulletin, 8 pp. Ex- 
plains construction, operation and selec- 
tion of manual or automatic spray lubricat- 
ing systems for heavy industrial gearing, 
sliding surfaces. Farval Div, Eaton Mfg 
Co, 3290 E 80 St, Cleveland. 


(E-71) Instrument Power Transmission— 
Brochure, 12 pp. Describes instrument 
drives, gear boxes, flexible shafts, manual 
and magnetic clutches and others. Also 
mechanical tachometers. Actuator Prod- 
ucts, Div of Geartronics Corp, 40 Nashua 
St, Woburn, Mass. 


(E-72) Variable Speed Drive—Brochure; 
16 pp. Presents packaged system consisting 
of controls, m-g set and dc motor. General 
Electric Co, De Motor & Generator Dept, 
3001 E Lake Rd, Erie 1, Pa. 
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(E-73) Variable Speed Drive—Bulletin, 12 
pp. Presents packaged unit consisting of 
ac motor, eddy current coupling and 
couplings controls. General Electric Co, 
De Motor & Generator Dept, 3001 E 
Lake Rd, Erie 1, Pa. 


(E-74) Variable Speed Drive—Bulletin, 8 
pp. Presents a packaged system utilizing 
rectified ac current and dc motor. Rated 
one to 200 hp. General Electric Co, De 
Motor and Generator Dept, 3001 E Lake 
Rd, Erie 1, Pa. 


(E-75) Electric Drive for Off-highway 
Vehicles—Brochure, 7 pp. Presents per- 
formance data and specifications; discusses 
advantages and applications. General Elec- 
tric Co, Bldg 3-42, 2901 E Lake Rd, Erie, 


Pa. 


(E-76) Variable Speed Pulleys—Bulletin, 
24 pp. Gives ratings, dimensioned draw- 
ing and application tables for variable 
speed pulleys, ratio compound drives, 
motor bases and frames, belts and belt 
sheaves. Hi-Lo Mfg Co, affiliate of Love 
joy Flexible Coupling Co, 4945-4949 W 
Lake St, Chicago. 


(E-77) Universal Joints—Catalog, 8 pp 
Presents load ratings, dimensions and in- 
stallation instructions for joints from 3? to 
7% in. OD. Gray & Prior Machine Co, 
614 Windsor St, Hartford, Conn 


(E-78) Die Cast Zinc Gears—Catalog, 9 
pp. Presents dimensions, specifications for 
gears, gear and pinion sets of many con 
figurations. Gries Reproducer Corp, 159 
Beechwood Ave, New Rochelle, NY. 


(E-79) Flexible Couplings—Catalog, 5 pp. 
Gives dimensions and ratings for couplings 
to handle from 1/15 to 48 hp. Guardian 
Products Corp, 1215 E Second St, Mich- 
igan City, Ind 


(E-80) Flexible Shafting—Catalog, 12 pp. 
Provides data on shafting, casings and 
fittings for up to 310 in.lbs running 
torque. Hasemann Flexible Shaft Co, Inc, 
110 Summit Ave, Chatham, NJ. 


(E-81) Speed Reducers—Catalog, 24 pp. 
Spiral bevel gear reducers give up to 357 
to 1 ratios. Ratings, load factors and 
other aids enable selection. Hewitt-Robins, 
Inc, Stanford, Conn. 


(E-82) Slip Clutches, Couplings—Bulletin, 
8 pp. Describes devices for constant torque 
or overload protection. Rated 24 to 24,600 
ft-lbs torque. The Hilliard Corp, 100 W 
Fourth St, Elmira, NY. 


(E-83) Single Revolution Clutches—Bul- 
letin, 8 pp. Gives dimensions, capacities, 
installation arrangements for clutches 
which disengage within one revolution of 
signal. The Hilliard Corp, 100 W Fourth 
St, Elmira, NY. 


continued 
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BAUSH WORM GEARING 


FOR ALL INDUSTRIAL 


APPLICATIONS 


IFICATIONS!! 


MADE TO YOUR eas 


Be sure you have the exact gear you want — 

oa QUALITY GEAR made to your particular requirements 
— checked 100% for tooth contact, center distance 
and Rockwell Hardness — at the right price too!! 


BAUSH WORMS AND GEARS shown are a product of 
over 500 worm gear hobs we maintain at all times. 
Ranging from sets on 214” center to 28” center, they 


cover up to and including 2” circular pitch. 


YOUR SPECIFIC GEAR NEED CAN BE DESIGNED 
AROUND THESE HOBS ELIMINATING EXPENSIVE 
TOOLING AND DELAY. 








Write for Catalog No. 12A or send us your prints — 
there is no obligation. 
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‘MACHINE TOOL CO. 


SPRINGFIELD 7, MASSACHUSETTS 


1&2 — Lift Truck 12 & 13 — Hourglass Type Worm 
3 — Bending Roll Drive & Wheel 
4&5 — For Multiple Spindle 14 & 15 — Lubrication Pump Drive 


Lathe 16 & 17 — Feed Drive-Automatic 
6&7 — Agitator Drive Machine 


8, 9 & 10 — 2-Speed Lathe Reduction 18 @ 19 — Cutter Drive-Keywaying 
11 — Mixing Machine Gear Machine 
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™FALK 


...0@ good name in industry 


; 5 iia 
eae ee think 9 yagi Fe 2 Sein 6 Sa, eee =. 


@ The helical and spiral bevel gears in Falk gear drives assure maximum mechanical efficiency attainable — 982% per gear mesh under full load. 


ALL-MOTOR MOTOREDUCERS vp to 75 hp. 


All-steel units for use with any 
NEMA foot-mounted motors 
within rated capacities of the 
gear drives. Standard output 
speeds from 1 to 780 rpm 
(with 1750 rpm motors); as low 
as .032 rpm in semi-standard 
designs. Also Integral units, 
from 1 to 40 hp. 


Ask for Bulletin 3100. 


SHAFT MOUNTED DRIVES vp to 50 hp. 


All-steel units, horizontal or 
vertical. Output speeds be- 
tween 420 and 5 rpm. Maxi- 
mum torque rating at low speed | 
shaft: 44,000 Ib-in. Consult 
Factory for higher capacities 
and for flange mounted drives. 


Ask for Bulletin 7100. 


SCREW CONVEYOR DRIVES vp to 30 hp. 


Bolt to any standard trough ; , 
end, Output speeds from 420 Pi 
to 5 rpm. Max. torque rating att, 


at low speed shaft: 21,400 
Ib-in, Drive includes removable 
drive shaft and seal housing 
with choice of seals. Trough 
end and Motor Mount optional. 


Ask for Bulletin 7106. 


SMALL SPEED REDUCERS vp to 350 hp. 


Concentric Shaft reducers 
with ratios from 1.49:1 to 
970:1. Maximum torque at low 
speed shaft: 84,000 Ib-in. 
Right Angle ratios from 5:1 
to 1460:1. Maximum torque at 
low speed shaft: 73,000 Ib-in. 
Ask for Bulletin 1105. 


LARGE SPEED REDUCERS vp to 3500 hp. 


Parallel Shaft up to 3500 

hp. Ratio range: from 2:1 to 

300:1. Maximum catalog 

torque at low speed shaft: 

1,950,000 Ib-in, Bulletin 1110. 

Right Angle Horizonta! up 

to 1000 hp. Ratio range from 

1.5 to 515:1. Max. catalog 

torque at low speed shaft: 

569,000 Ib-in. Bulletin 2105. 

Right Angle Vertical up to 

760 hp. Ratio range from 6:1 to 430:1. Max. catalog torque 
at low speed shaft: 714,000 Ib-in. Low speed shaft extension 
up or down, Bulletin 2110. 
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HIGH SPEED DRIVES +. reducers or increasers. 


Parallel Shaft drives cata- 
loged up to 5,000 hp or 
10,000 rpm. Unit ratios from 


1.15:1 to 12:1. Bulletin 5105. 
Concentric Shaft units cata- 
loged up to 225 hp or 4500 
rpm. Ratios from 1.5:1 to 25:1. 
Bulletin 1106, 


STEELFLEX COUPLINGS protect connected machines. 


Hp range: 2 through 72,000 eS 

hp at 100 rpm. Exclusive grid- Ne 
groove design cushions shock Soe 
loads, accommodates reason- : sf = 
able degrees of shaft misalign- St 
ment. Basic Type F for 9 out , r 
of 10 industrial applications, 
horizontal or vertical. 


Ask for Bulletin 4100. 


> 


Basic Type F 


AIRFLEX COUPLINGS Designed for mounting shaft- 
to- shaft, shaft -to - flywheel, 


15 sizes covering a range from °F sheft-to-flange. 


5 through 2880 hp at 100 rpm, 
Ideal for applications which 
have irregular torque charac- 
teristics in driving or driven 
machines (internal combustion 
engines, reciprocating com- 
pressors, etc.). 


Ask for Bulletin 8100. 


SINGLE HELICAL and HERRINGBONE GEARS 


Exclusive Falk extra-depth, 
high pressure angle gear teeth 
provide greater strength and 
protection against abrasion. 
AGMA ratings. Hub or ring 
gears in solid or split designs. 


Diameters up to 23-9” PD. 
Face widths up to 6’. 
Diametral Pitch: 3%, to 6 DP. 


Ask for Engineering 
Reports 6170 and 6171 Ri 
ing 
Gears 
Hub Gears 


FALK, ALL-MOTOR, and STEELFLEX are registered trademarks. 
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Need Close Tolerance Parts Like These? 
You'll save money if Johnson Bronze 





makes them for you in Powdered Metals 


Making parts like these in powdered metal— 
quickly, economically and in production toler- 
ances of .001 of an inch or closer—is a tradition 
at Johnson Bronze Co. 

That’s why Johnson powdered metals—ferrous 
and non-ferrous—have been in demand for over 
20 years. Quality and dollar-conscious engineers 
know from experience that Johnson powdered 
metal parts consistently meet material quality 


and close tolerance requirements. 

These engineers also know they can rely on the 
experience of Johnson’s complete product design 
engineering service. It’s one of the many bonuses 
from using Johnson powdered metal parts. Here’s 
another: Johnson now can supply powdered metal 
parts up to 4 inches O.D. and 3 inches long. 

If you need any parts like those shown here, 
call, write or wire Johnson Bronze Co. 


New Castle, Pa. 
West Coast Plant: Oakland 8, Calif. 
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the most complete /ine 
of standard mode/s and sizes 
for every design requirement 


The Winsmith line of conventional and hollow shaft speed 
reducers offers design engineers and speed reducer users 

the widest range of standard models and capacities available 
from a single source of supply. 

For precise, dependable performance—top operating 
efficiency at all speeds and ratios—maintenance-free durability 
and overall economy, specify Winsmith Speed Reducers for 
every application from 1/100 to 85 h.p., in ratios from 

1.1:1 to 50,000: 1. 


If you have a special prob/em—consult the Winsmith Representative in your area, 


or write directly to our Engineering Department 





SINGLE 

REDUCTION 

WORM GEAR 

TYPE 

14 Sizes — .01 hp to 34 hp 
Ratio Range — 5:1 to 77:1 


Maximum Output Torque 
142 to 34,767 in. Ibs. 


* 


€B—WORM ON BOTTOM 


$ 


€¥—Wworm ON TOP CV—VERTICAL 





DOUBLE 

REDUCTION WORM 
AND HELICAL 

GEAR TYPE 

10 Sizes — .3 hp to 11.86 hp 
Ratio Range — 42:1 to 231:1 


Maximum Output Torque 
1331 to 34,767 in. Ibs. 


€BX—WORM ON BOTTOM 


Po 


CT X—WORM ON TOP CVX—VERTICAL 





DOUBLE 

REDUCTION 

WORM GEAR 

TYPE 

12 Sizes — .018 hp to 7.41 hp 
Ratio Range — 60:1 to 4460:1 


Maximum Ovtput Torque 
650 to 34,767 in. lbs. 





€BD—WoRM ON BOTTOM 


¢ ¢ 


€TB—Wworm ON Top CVD-VERTICAL 





complete engineering data and selection information for you 
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Single or double reduction models, for service in either intermittent or continuous 
operation. Available with right-angle or parallel shafts; worm on top or bottom; all worm 
gear or combined worm and helical. 


WORM GEAR REDUCERS 


HELICAL GEAR REDUCERS 


Single reduction, parallel shaft units for small ratios. Hardened, 
accurately ground, alloy steel pinion shafts. Cast iron gears. 


DIFFERENTIAL GEAR REDUCERS 


Winsmith offers a unique, patented type of differential gear reducer in which the planetary 
and secondary gears are integrated to form a unified planetary element. Tooth alignment 
is improved because the planetary gears automatically float into position, thus equalizing 
load distribution. Parts are never increased in number, regardless of reduction ratios— 
from 1.1:1 to 50,000:1—and the over-all dimensions of a given size never vary 


DIFFERENTIAL eeeigeeny 
REDUCERS iz 
.12 hp to 81.51 hp 

Ratio Range — 1.1:1 to 50,000:1 

Maximum Output Torque 

50 to 113,000 in. Ibs * 


HORIZONTAL FLANGE MOUNTED MOTORIZED — VERTICAL, HORIZONTAL 








SERIES “ST” & “SF” 
HOLLOW SHAFT Single Reduction 


WORM GEAR 3 Sizes — .63 to 8.82 hp. 
Ratio Range — 7':1 to 77:1 


SPEED Maximum Output Torque — 
REDUCERS 816 to 7678 in. Ibs. 


SERIES “STD” & “SFD” 
Torque Arm and Flange Double Reduction 
Mounted models available 3 Sizes — .041 to 2.552 hp 
in both series Ratio Range — 66%:1 to 4466:1 


Maximum Output Terque — 
1380 to 7678 in. Ibs 





1. DOUBLE REDUCTION 
WORM GEAR TYPE 


9 Sizes — .006 hp to 7.319 hp 

Ratio Range — 25:1 to 3850:1 

Maximum Output Torque . 

146 to 34,290 in. Ibs 

2. SINGLE REDUCTION HELICAL 
GEAR HORIZONTAL TYPE 

3 Sizes — .05 hp to 18.86 hp 

Ratio Range — 3.06:1 to 12.66:1 

Moximum Output Torque 

294 to 3682 in. Ibs. 

3. TWO SPEED REDUCTION 
WORM AND SPUR GEAR TYPE 

2 Sizes — .01 hp to 6.17 hp 


Ratio Range — 5:1 to 163:1 


Maxi Output T 
Seskeree Sutoet Verque 1 series DBE 2 series 7OO, 800, 900 3 series TSR 








WINSMITH CATALOGS are among the most useful tools ever devised for design 
engineers. They contain detailed selection information, weights, dimensions, ratios, ratings 
and other pertinent design data— including cross-section, shaft and mounting arrangement 
drawings, and large, clear product photographs—all in concise, easy-to-use form. 


WRITE TODAY on your company letterhead, for the most authoritative, up-to-date 
compilation of speed reducer information available. 


WINSMITH, INC. 112 Eaton Street, Springville, (Erie County), N. Y. 
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How INDEX TABLE DESIGN affects 
INITIAL PRICE and TOTAL COST 


Study these drawings to see how the design of an index table 
affects total costs of an installation. Some tables may be priced 
lower than others initially, but the additional charges for 
auxiliary items to adapt them to production requirements, 
added to maintenance and downtime costs, can make a drastic 


difference in the total price. 


The Ferguson Intermittor, indexed by a roller gear drive 
which operates a minimum of 8,000 hours at speeds up to 
2,000 indexes a minute without maintenance, needs no aux- 


iliary locking. It is designed for high speed operation and 
incorporates rigid integral supports for tooling to eliminate 
expensive segmental components. The Intermittor dial is sup- 
ported by tapered roller thrust bearings to withstand heavy 
loads with little friction. A stationary center tooling support 
is held rigidly at its top by anti-friction radial bearings and 
at the bottom by a flanged base bolted to the housing. Hol- 
low center of the support may be used for passage of cool- 
ants, fluids, air or vertical shafts to transmit motion to the 


work surface. 





OUTSIDE SUPPORT -— 
INDEXING DIAL —-» 


CENTER SUPPORT \ INDEXING 


DIAL 


CENTER 
SUPPORT 


/ 
/ 
u 
/ 
' 
u 
i 


—_—|—. 


NE 


N 
, 
\ 


“ 


rs 
+-—- FERGUSON 
DRIVE 


RIGID DIAL SHAFT — 
HOLLOW CENTER ~~ 


CAST CAM } 
DRIVE ----- 


FIG. 1—FERGUSON INTERMITTOR 


i ie sein allt a lt TTR ON 


Figures 2 and 3 show typical barrel cam and geneva drive 
index tables. Their indexing mechanisms limit operating 
speeds, therefore other components may be “designed down.” 
Shafts and bearings are lighter; frictional support surfaces 
might be employed instead of thrust bearings and an auxiliary 
locking or locating device is a costly necessity for even modest 
accuracy requirements. Tool mounting methods are often 
provided at additional expense and sometimes even ignored. 
Difficulties of installation and frequent maintenance down- 
time can increase total cost drastically. 
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CONVENTIONAL 


FIG. 2—BARREL CAM TYPE 


__.. SMALL 
CENTER 
COLUMN 
TOOL --- SUPPORTING SHAFT 
PLATE 


BEARINGS 


BEARING 


—_ 
+ FRICTIONAL 
DIAL SUPPORT 
SURFACE 


‘ 
NO EXTERNAL 
TOOL MOUNTINGS 


INTRICATE 
AUXILIARY 
LOCATING 


GENEVA DRIVE --- 
SLIDING LOCK 


& SINGLE DRIVE 
ROLLER 


FIG. 3—GENEVA DRIVE TYPE 


SOAR ointiicieiil 


8 RES AEN ET A DE 


@ SEND FOR CATALOG 

Many other advantages result from the selection of a Ferguson 
Intermittor. Compare designs in new Catalog No. 160 which 
contains data on more than 175 standard tables. Every design 


engineer should have a copy. Get yours by writing: 


FERGUSON 


MACHINE CORPORATION 


A subsidiary of Universal Match Corporation 


7818 Maplewood Industrial Court 
St. Louis 17, Missouri 
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“We've replaced an acme screw with a Saginaw Ball Bearing Screw to enable . 
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the SAGINAW °/» SCREW helps 


Double Ditch Witch 
Sas ta One Year / 


the digging boom of our Ditch Witch Trench Digging machine to be raised 
and lowered three times faster. It makes the operator’s job twice as easy. 
And the Sagiaaw Screw saves us money both in first cost and greatly reduced 
maintenance. Since using the Saginaw Screw we've actually had to DOUBLE 


plant capacity to keep up with a two-fold increase in sales this year, and 


handle an expected increase of the same size next year!” says Howard 
Worthington, Sales Manager, Charles Machine Works, Inc., Perry, Oklahoma. 


Give your products 
NEW SALES APPEAL... 
switch to the 


No wonder the Saginaw Screw adds a heap of extra 
Sales Appedi to the Ditch Witch! The Saginaw Ball Bearing 
Screw converts rotary motion into linear motion with over 
90% efficiency. You, too, can save time, power, weight, 
space and cost by switching from outdated actuators to 
these versatile, always reliable Saginaw Screws. 


Perhaps the Saginaw Screw can give your products that 
greater Sales Appeal you're looking for. Interested in 
details? Write or telephone Saginaw Steering Gear 
Division, General Motors Corporation, Saginaw, Michigan 
—world’s largest producers of b/b screws and splines. 


. - 


q 


The Saginaw b/b Screw adjusts digging depth 


of the Ditch Witch Trencher three times faster 


and twice as easily. 


CLQAUILOLUU 


WORLD'S MOST EFFICIENT ACTUATION DEVICE Ho ak CrYreAYVV 
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FRICTION DRIVES 
Unbiased 


recommendations 

FRICTION 
or FLUID 
DRIVES 


Manual, Air or 




















Hydraulic Operation 


To couple an engine or motor to the 
load, one of the following may be 
used: a friction clutch, fluid coupling, 
single-stage torque converter or a 
three-stage torque converter. Twin 
Disc can furnish you an unbiased re- 
commendation as to which is the best 














selection under any given set of cir- 
cumstances—for Twin Disc offers all 
four types of drives. 

No other company builds the di- 
versified line manufactured by Twin 
Disc. Industrial clutches are offered 
from 2!4 to 36 inches in diameter. 
Designed to run wet (in oil) or dry, 
these clutches can be actuated mechan- 
ically, hydraulically or with air. 

When a fluid drive is necessary or 
preferable, Twin Disc can recommend 
just the right one. Twin Disc offers 
fluid couplings with 1:1 torque ratio Bi Cogn Ane wear inh Cea. ae 

. single-stage torque converters with ' ies eet mr 
up to 3:1 torque multiplication . . . or 
three-stage torque converters with 
torque ratios up to 6:1. No other man- 
ufacturer builds both three-stage and 
single-stage torque converters . . . no 
other manufacturer can offer all three 
types of industrial fluid drives! 

Whatever drive—friction or fluid— 
is most appropriate for your own par- 
ticular application, you'll find it in the 
Twin Disc line. Write for complete 
information. 


Twiilisc 


CLUTCHES “ HY (ORAULIC DRIVES 


TWIN DISC CLUTCH COMPANY [| 7 ff 


Racine, Wisconsin . aS wae a 
Hydraulic Division, Rockford, Illinois 300 400 500 
HORSEPOWER 
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HERE’S ANOTHER GEAR GLEASON BUILT 
FROM FIRST DESIGN TO FINAL PRODUCT 


This is the finished prototype of a new high-ratio hypoid gear. 
Our customer will now produce it, royalty free, on his Glea- 
son equipment, 

This is but one example of what Gleason engineering 
service can do for people who need gears. Our facilities and 
advice are at your constant disposal for development of bevel 
and hypoid gears to meet the needs of any application. 


Chis particular high-ratio pair (actual size shown in in- 
sert) offers several advantages over conventional gears: 
GREATER STRENGTH. High-ratio hypoid pinions are larger 
and stronger than corresponding bevel pinions. 


COMPACTNESS. Where space is a problem, the high-offset 
principle lets you design a more compact and flexible unit 
than the corresponding worm and wheel. 

SMOOTHER ACTION. High-offset pairs provide smooth, 
quiet tooth action .. . continuous action even with only one or 
two teeth, because of the way the teeth wrap around the pinion. 
STRADDLE MOUNTINGS. Cylindrical high-ratio pinions, 
with extended shank, make practical very rigid straddle 
mountings. 

GRINDING. High reduction hypoids are cut on same Gleason 
equipment used on familiar bevel and hypoid gears. Same 
testers, quenchers and other auxiliary equipment can be used, 
Grinders are available for the ultimate in precision and finish 
to minimize friction. 

LET GLEASON MAKE RECOMMENDATIONS. Send along 
a set of prints, and we'll be glad to study them and give you 
our thoughts on how best to make the gears you need. 


SON WORKS 


1000 UNIVERSITY AVE., ROCHESTER 3, N.Y. 


—— 


750 -— 
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ZERO BACKLASH 


GUARANTEED 


CAP ACITY LL MINI-JOINTS” 


(*Miniature Universal Joints) 


; e ; TELESCOPING MINI-JOINT 
featuring preloaded ball spline and 


4" travel on standard joints. 


SIZES IN STOCK 


” y f Part Closed Torque Price 
Aa No. Bore* | Body Length in. Oe. 1-4 pes. 
q “a TIBS | .0938 | 3/16 | 1-7/16 16 | «28.50 

‘ a T2BS -125 | 3/16 | 1-7/16 16 . 








T4Bs | .1875 | 9/a2| 2 64 


CUSTOM 


Part Torque Price 
No Bore Body Length In %. 1-4 pes 








SBS |SOLID 3/16 1-1/32| 16 5.50 


IBS | .0938 | 3/16 1-1/32, 16 


SPUR-HELICAL- WORM - HERRINGBONE - BEVEL seeps eae te 


4BS ; 1875 9/32, 1-3/8 i o4 ‘ 


LARGE INDUSTRIAL GEARS “aay | = 
and SPEED REDUCERS | eumLe mou 


peas ex 
qa > DE 
Horsburgh & Scott maintains one of the industry’s ' - —— 
largest stocks of patterns . . . special tooling and SIZES IN STOCK 
special equipment—enabling us to engineer and pro- 
duce a wide range of custom gearing and transmis- No. | Bore | Body Length In. Oz. 1-4 pcs. 








- ‘Part Torque Price 


"0938 | 3/16 | 1-1/2 | 16 


: : : DB1BS 
sion requirements practically as fast as you can ob- a, 


: . : . DB2BS | .125 | 3/16 | i-1/2| 16 | 11 
tain them from stock sources. Write for information — 


, DB4BS | .1875 | 9/32, 2 | 64 
and estimates. Ask for our new Full Line Brochure. DBOBS | 250 | 3/8 | 2-1/2 | 256 





Features: Zero backlash » Maximum op- 


The HORSBURGH & SCOTT CO. TEMBROSS | czcize.c.z" * or 
5112 Hamilton Ave. + Cleveland 14, Ohio ‘ , aS a 
Manufacturers of Gears and Speed Reducers 5@W: - Balls—440 stainless steel * Special 


assemblies of non-magnetic balls avail- 


for over 75 years > a = able. 


Other instrument components include— 
Miniature Coupling © Torque Testing 
Machine 


Inquiries for your special applications are 
invited. 


FALCON DIVISION 


General Thermodynamics Corp. 
205 Concord Turnpike, Cambridge, Mass. 
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catalogs and bulletins continued 


(E-84) Centrifugal Clutch Couplings— 
Bulletin, 8 pp. Contains ratings, selection 
Factors, dimensions, uses. The Hilliard 
Corp, 100 W Fourth St, Elmira, NY. 


(E-85) Intermittent Drive—Bulletin, 4 pp. Pe nae =elelne -\-| a = 
Describes packaged unit consisting of ; - 

single revolution clutch, controls, housing 

The Hilliard Corp, 100 W Fourth St, 


Emir, NY NOW A NEW AND DEPENDABLE SOURCE 


(E-86) Overrunning Clutch—Bulletin, 8 

pp. Presents dimensions, capacities, details 

of construction and operation, selection alli CROWN GROUND PRECISION 
factors. The Hilliard Corp, 100 W Fourth 

St, Elmira, NY 


(E87) Hletic Clutehes—Bulletin, 20 pp GEARS AND SPLINES 


Describes magnetically actuated multi-disc 
clutches, including stationary field typ« 
Provides selection and application guides. 
I-T-E Circuit Breaker Co, 1900 Hamilton 
St, Philadelphia 


(E-88) Gearshift Drives—Bulletin, 8 pp 

l'abulates characteristics and makes com °o oO 
parisons with other types of multi-speed 

drives. The Lima Electric Motor Co, Inc, 

Findlay Rd, Lima, Ohio 


(E-89) Notched Belts—Brochu: 
Lists sizes and advantages of p 

belts. Goodyear Tire & Rubber 
Akron, Ohio 


(E-90) Stamped Gears—Catalog, 20 pp 
Explains terms, tolerances, choice of mat 
rials for spur, segments, rack, anti-backlash 
and other gears. Fastex Div of Ill Tool 
Works, 195 Algonquin Rd, Des Plaines, 
Il. 


(E-91) Gear Couplings—Brochure, 16 pp. 
Provides general descriptions of 24 models 
such as marine, disconnect, shear-pin and 
other types Koppers Co, Inc, 200 Scott 
St, Baltimore 30 


(E-92) Thin Ball and Roller Bearings— 
Catalog, 28 pp. Provides dimensions, 
capacity formulas, life and speed factors. 
Sizes go from 4 in. bore to 40 in. outer 
diameter. The Kaydon Engineering Corp, 
Muskegon, Mich 


(E-93) Thin-shell Needle Bearings—Bulle- 
tin, 4 pp. Charts dimensions, capacity. 
Explains installation and spherical end de- 
sign of rollers. The Kaydon Engineering 
Corp, Muskegon, Mich. 


(E-94) Variable Speed Pulleys—Catalog, 
25 pp. Describes performance character- 
istics, dimensions for ratings to 25 hp, 
speed ranges to 10:1. Lewellen Mfg Co, 
1428 Tenth St, Columbus, Ind. 


(E-95) Variable Speed Transmission — 
Catalog, 25 pp. Provides illustrations and 
engineering data for ratings to 60 hp and 
speed ranges to 20:1. Lewellen Mfg Co, 
1428 Tenth St, Columbus, Ind. 


continued 


PRODUCT ENGINEERING — Mid-September, 1960 CIRCLE 241 ON READER SERVICE CARD 241 





| Es | POWER TRANSMISSION 
apie hun Gig’ 


FRACTIONAL Woy, 
> G 


Ad 


* 
*iavae ** 


, 


a 


SPIRAL BEVELS..Gearsand Pinions madefrom HELICALS..and Spiral Gears are made of any 
alloy steels and hardened. Also, straight and material. . hardened and polished if required. 


SPURS. from Spur Gears made from punched 
blanks to ultra precision cut. Applications in- 


clude appliances, sewing machines, office ma- 
chines, instruments. 


WORMS. . complete facilities for milling, hob- 
bing, grinding and super finish by an exclusive 
G.S. generate-polish. Typical uses: speed re- 
ducers, business machines, coin operated phono- 
graphs, fans, clippers, military equipment. 


UNUSUAL FORMS. . Clutches, Sprockets, Cams, 
Segments, Lead Screws, Adjusting Worms. Mass 


zerol type teeth. Used in outboard motors, port- 
able tools, lawn mowers and cameras. 


WORM GEARS... Laminated Plastic, Bronze, 


Nylon, Cast Iron, or Steel. Cut in curved and 
straight face. G.S. patented grooves for quiet- 
ness. Used in valve seat grinders, food mixers, 
meat slicers, speed reducers, automatic phonos. 


SPECIAL COMPONENTS.. high precision parts 


for military and aircraft applications. Serra- 


Used in speed reducers, power tools, diesel engine 
fuel pump systems, etc. 


ARMATURE SHAFTS... Worms, Spur and Spiral 
Pinions, as well as Spiral Bevel Pinions cut in- 
tegral with shafts. Diameters \%" and up. Used 
in floor polishers, fans, portable tools, etc. Gear 
sections hardened as n 


INTERNALS... cut to exacting specifications up to 
6” pitch diameters. Typical applications: air 


manufactured for chain saws, outboard motors, 
check protectors, marine steering, telephone 
answering devices. 


G.S. MAKES YOUR SMALL GEARING 
WITH CUSTOM PRECISION, IN PRODUCTION 
RUNS...AT PRACTICAL COSTS 


Whether your needs are numbered in the hundreds or the thousands 
..- for any form of Fine or Intermediate Pitch Gearin . un- 
matched G.S. UNIFORMITY gives you greatest freedom from 
rejects, smoothest assembly, best field performance you'll ever 
find! G.S. standards are high—and they're backed by the most 
efficient machinery to be had, first-class design and production 
engineering, quality control systems which aim at perfection. If 
you need aoelagdlen runs of Small Gearing from 8 to 120 dp., 
from 44" to 8” diam., send drawings, specifications or a complete 
description of your project for suggestions, ideas and cost esti- 
mates without obligation to you. 


@: 


tions, Splines, and Milling are held to close 


operated hoists, floor machines, radio equip- 
limits with precise tocth alignment. 


ment, navigating instruments. 





Specialties, Inc. 


2635 WEST MEDILL AVENUE 
CHICAGO 47, ILLINOIS 





SPURS © SPIRALS © HELICALS © BEVELS © INTERNALS 
WORM GEARING © RACKS © THREAD GRINDING 


WORLD'S LARGEST EXCLUSIVE MANUFACTURERS 
OF FRACTIONAL HORSEPOWER GEARING 


SEND FOR G.S. illustrated folder! See where and how we mass- 
manufacture Small Gearing to uniformly fine tolerances. Folder 
contains 23 pictures of Small Gears, plantview, Diametral and Cir- 
cular Pitch Tables. Ask for your opyon company stationery, please! 
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FORMER DRIVE: The high speed operation of Gehl’s 
Cure-All Hay Conditioner caused failure of the 
roller chain drive 


PRESENT DRIVE: Both the limited space and high 
speed requirements were met with this Gates 
Super HC V-Belt Drive. 


Gehl Brothers Manufacturing Company Finds 


Super HC V-Belt Drive handles speeds 


chain drive couldn't take! 


Roller chain drives on Gehl’s Cure-All Hay Con- 
ditioners “would not stand up under the speed of 
operation.” Yet conventional V-belts that would fit 
into the space available could not handle the working 
load for this outstanding line of forage harvesting 
equipment. 

The design problem remained a tough one until 
the introduction of the Gates Super HC High Capacity 
V-Belt early last year. Then the Gates Field Engineer, 
working closely with Gehl Engineers designed the new 
drive shown above. 

“The Super HC V-Belt Drive has eliminated need 
for shear pins and clutches, has increased efficiency, 


and lowered maintenance costs,” is the pleased report 
from Gehl personnel. 


Take advantage of Super HC on your equipment 

Whenever you have a drive change on a new 
model or are replacing belts or sheaves, let your Gates 
Representative show you how Super HC Drives can 
reduce sheave diameters 30% to 50%, drive space up 
to 50%, drive weight and cost as much as 20% 

A handbook, “The Modern Way to Design Multiple 
V-Belt Drives,” is yours for the asking. Simply contact 
your Gates Representative listed in the Yellow Pages. 


TPA 505 


The Gates Rubber Company, Denver, Colorado 


Gates Rubber of Canada Ltd., Brantford, Ontario 


World's Largest Maker of V-Belts 


Gates Super ¢>V-Belt Drives «7.7: 
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POWER TRANSMISSION 


Special purpose vehicles 
perform more efficiently...give longer, 
dependable service...with 


ROCKWELL 


For many years the Transmission and Axle Division of 
Rockwell-Standard has specialized in the design and 
production of components that help to assure superior 
performance for special purpose vehicles. We offer 
manufacturers a complete design, testing and produc- 
tion service. And we produce and sell only components, 
not the complete vehicle! 

The component you think “special”—and highly 
expensive and time-consuming to build—could well 
be a standard item in Rockwell-Standard’s full line of 


STANDARD 


driving assemblies and planetary axles, Hydra-Drives 
torque converters and power shift transmissions. 

If your needs call for a “custom” job, you can be sure 
Rockwell-Standard engineers can design it to exact 
specifications—and build it for less. For complete infor- 
mation about Rockwell-Standard’s full line of driving 
assemblies and planetary axles; Hydra-Drives torque 
converters and power shift transmissions, plus other 
components for special purpose vehicles write or call 


Transmission and Axle Division, Detroit 32, Michigan 
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TWO MAJOR SOURCES OF... 


POWER TRANSMISSION 


In the minds and laboratories of Borg-Warner research engineers are born products 
that range from implements that till the earth to instruments that probe the universe. 





HYDRAULIC 


A whole new family of B-W hydraulic gear pumps by 
Wooster Division engineers have capacities ranging from 
0.7 gpm to more than 140 gpm at 2000 rpm and 2000 
psi. Unique use of pressure from the outlet port reduces 
clearance between bearing faces and gears for optimum 
volumetric efficiency. Engineered to meet virtually any 
specifications— giving you maximum flexibility of de- 
sign and application. Use Wooster engineers— your ma- 
jor source of hydraulic power transmission requirements. 


SERIES P2: Capacity 1.7 to 7.8 gpm at 2000 rpm. Displacement 
0.2 to 0.9 cu. in. 2000 psi. Speeds to 4000 rpm. 





MECHANICAL 


A new B-W dual range power take-off adapter by Warner 
Automotive Division engineers can be fitted to any 
tractor, operates farm implements at either 540 or 1000 
rpm. Saves time and labor . . . up-dates older tractors 
and up-grades new tractors. Engineered to virtually any 
rpm requirements for industrial applications. Use 
Warner engineers—your major source of power trans- 
mission gears, gear assemblies, ring gears and pinions, 
differential parts and assemblies, and spline shafts. 


RATED at 30 hp with momentary loads up to 40-50 hp. 6-spline: 
540-550 rpm; 21-spline: 985 to 1000 rpm. 


For Complete Information Write NOW 


WOOSTER DIVISION 


BORG-WARNER CORPORATION 
Wooster, Ohio 





WARNER AUTOMOTIVE 


DIVISION-—BORG-WARNER CORPORATION 
Auburn, Indiana 


Export Sales—BORG-WARNER INTERNATIONAL—36 S. Wabash Ave., Chicago 3, Ill. 





DELROY TL 


WORM GEAR SPEED REDUCERS 


FAN COOLED RIBBED CASES 


Widest range of ratings available—from .05 HP, 1%” center distance 
to 1050 HP, 36” center distance—in single and double reduction units 


TYPE D 
Verso Unit 
Adapts to any 
mounting 
requirement 
Ratios: 

5:1 to 70:1 
Horsepowers: 
062 to 13.5 


Center distance: 


22" to 4” 


TYPE V 

Vertical single 
reduction 

Shaft up or down 
Ratios: 

5:1 to 70:1 
Horsepowers: 
.062 to 150 
Center distance: 
5” to 12” 





TYPE B 
Horizontal 
single reduction 
Bottom drive 
Ratios: 

5:1 to 70:1 


Horsepowers: 
.062 to 150 


Center distance: 


5” to 12” 


TYPE HB 
Horizontal 
helical-worm 
Right angle drive 
Ratios: 

15:1 to 355:1 
Output torque: 
2460 in. Ibs. to 
135000 in. Ibs. 
Center distance: 
3%” to 12” 





TYPE T 
Horizontal 
single reduction 
Top drive 
Ratios: 

5:1 to 70:1 
Horsepowers: 
062 to 150 


Center distance: 


5” to 12” 


TYPE DB 
Horizontal 
double-worm 
Parallel input 
and output shafts 
Ratios: 

75:1 to 4900:1 
Output torque: 
4170 in. Ibs. to 
135000 in. Ibs. 
Center distance: 
3%” to 12” 








Prompt delivery from stock —all units through 12 inch center distance’ 


Fan) 
Fy 
- 


DEINE Steam Turbine Company 


801 NOTTINGHAM WAY, TRENTON 2, N. J. 





DELROYD 


WORM GEAR SETS 








Delroyd units are manufactured in a modern plant 
devoted specifically to the production of worm 
gearing—a plant which has one of the largest thread 
milling and thread grinding capacities in the United 
States. Because we use this exclusive precision ma- 
chinery, the most exacting testing techniques and 


highly skilled workmanship, you are assured of qual- 


Check 
these 
advantages: 


¢ Involute helicoid 
thread form 
(strongest thread 
form made) 


¢ Centrifugally cast gears 
¢ More horsepower per dollar 


ity and service associated with the leading specialists 
in worm gearing. 

Delroyd provides the widest range of sizes and 
ratios, and offers complete interchangeability of 
parts. Whether you specify worm gear sets or worm 
gear speed reducers, you are assured of the finest 


quality obtainable. 


DeAVEA Steam Turbine Company 


NOTTINGHAM WAY, TRENTON 2, N. J. 
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GEARMOTORS HELICAL GEAR 
—the ultimate in 


compactness — main- SPEED REDUCERS 


tain positive align- kat wou mount 
ment with flange- , the motor where 
mounted NEMA a 

motors. Double, tri- 
ple and quadruple 
reductions, sizes up 
to 100 hp, speeds 
from 280 down to 
1.8 rpm. Send for 
Book 2747. 


you want it. Save 
space with input 
and output shafts 
located on same 
planes. Ratios 


6.2:1 to 2217:1, 
capacities to 206 
hp. Send for Book 
2751. 





ore ee 


OP A a ee te Oe 


PARALLEL SHAFT 
SPEED REDUCERS 


MOTOGEARS ee | 

’ 
For high-capacity speed 
reducing or increasing 
with heavy shock loads 
Ratios to 292:1, up to 
2800 hp. Send for Book 
2719 


Incorporate bracket-mounted 
NEMA motors of any manu 
facture and enclosure, permit 
quick, simple motor replace- 
ment. Double, triple and quad- 
ruple reductions. Sizes up to 
100 hp, ratios from 6:21 to 
985:1. Send for Book 2747. 








CHAINS 


SILENT CHAIN DRIVES 
— Ideal for large 
or small hp, large 
ratios, high speed 
and limited 
space. Main- 
tain better 

than 98% ef- 
ficiency. 

Stock sizes 

up to 50 


hp. Ask 


MALLEABLE IRON, PROMAL, STEEL 
CHAINS — Complete line of cast, 
combination, forged and fabri 
cated chains plus matching sprock 
ets. Stock sizes. See Book 1050. 


PRECISION STEEL 
ROLLER CHAINS 
For drives and 
conveyors, avail- 
able in single or 
multiple widths, 
in 4%” to 3” 
pitch and 1” 

to 3” double 

pitch. Stock 

sizes up to 

75 hp. 


BALL, ROLLER, BABBITTED AND BRONZE BEARINGS 


SELF-ALIGNING BALL AND SPHERICAL ROLLER BEARINGS adjust to shaft 
deflection or misalignment, compensate for normal inaccuracies of 
mounting. In popular shaft sizes up to 11”—pillow blocks, flanged, 


flanged-cartridge, cartridge and takeup blocks 


Also available in cast 


and pressed steel housings. Send for Ball Bearing Book 2550 and 
Spherical Roller Bearing Book 2760. 


ie 
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BABBITTED AND BRONZE BEARINGS 
—Pillow blocks and flanged blocks 
are available in 15 different types, 
solid or split housings, shaft sizes 
from 4%” to 8”. Send for Book 
2707. 


a ee eee ee aa 


OE OEE tl tthe FN ty OD EE. 
ney ee as 


hea LAT ed 
a Pee roe. gn 
ne - 


ot OE NE 


PRODUCT ENGINEERING — Design Digest Issue 





POWER TRANSMISSION cn 
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cease, bith 


P.1.V. and 


yy 4 RS P.LV. ‘el 
SHAFT-MOUNTED 
SPEED REDUCERS r Di, SPEED DRIVES 


Stepless, instant var 


Designed to simplify and satisfy lation threeah ¢ 


the majority of speed reduction ymplete range of 
jobs. Made in double and triple ao ae ome e 
reductions up to 40 hp. Send for po gy ‘dong 


Book 2618. sizes from 4% to 50 
\ hp and ratios up to 


6:1. Send for P.1.V 
Book 2274; RS P.LV. 
Book 2874. 








WORM 
GEAR 
SPEED 

REDUCERS 


—for high-ratio speed reduction with 
right-angle takeoff. Made with single, double 
or helical worm gear combinations, r: FLUID DRIVES 


ratios 
3600:1; torque ratings to 135,000 pound 
B. Offer smooth powerful acceleration 
- - 229 
inches, up to 150 hp. Send for Book 2824 and operation start heavy loads 


UNIVERSAL WORM without excessive power demands protect operating 
GEAR SPEED REDUCERS equipment. Available in Fluid, Fluid Gear, Electrofluid 
Gearmotor and Electrofluid Motogear combinations in 

offer 3-way mounting flexibility. Available in 2'2-, 3-, 3%-, and 4-in. single, double, triple and quadruple reductions from 6.2: 1 
centers. Sizes up to to 13.5 hp, ratios from 5'%:1 to 6:1. Book 2724. to 985:1 and c apecties up to 50 hp. Send for Book 2747. 











_ LINK-BELT’s complete line gives you 








FULL FLEXIBILITY is yours when you rely on Link-Belt. 
Whether you need a single component or a completely en- 
COUPLINGS gineered drive, Link-Belt can fit your design requirements 


Flexible, rigid, compression, 
geared, geared motor, fluid 
and jaw-clutch types av ail- 
able in shaft sizes from ‘cs” 
up to 12”, for light or heavy 
loads, low or high speeds. 
Send for RC Flexible Cou- 
pling Book 2363; Geared 
Coupling Book 2775; 
Geared Motor Coupling 
Book 2875; All types, Book 
1050. 


FRICTION 
CLUTCHES 


New design, especially suited where smooth, gradual 
pickup is a requisite. Available in 3 types with capacities 
up to 170 hp. Send for Book 2637-A 
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toa “t. 

Link-Belt standards of quality are built into every com- 
ponent—service-proved designs offering longer life 
efficiency that means lower-costs. What's more, pre-inte- 
grated designs assure correct mating of all components for 
smooth-working efficiency—with no elements under- or 
over-rated. 

For complete information and literature, call your nearest 
Link-Belt office or authorized stock-carrying distributor. 


OTHER LINK-BELT PRODUCTS INCLUDE: cut and cast tooth gears; 
shaft collars in solid or split malleable iron and steel types; backstops 
to automatically prevent backward movement of conveyors and 
elevators; gray iron and die-crown welded steel pulleys. 


POWER TRANSMISSION MACHINERY 


LINK-BELT COMPANY: Executive Offices, Dept. 60-PEDD, Prudential Plaza, 
Chicago 1. To Serve Industry There Are Link-Belt Plants, Warehouses, 
District Sales Offices and Stock Carrying Distributors in All Principal 
Cities. Export Office, New York 7; Australia, Marrickville (Sydney); 
Brazil, Sao Paulo; Canada, Scarboro (Toronto 13); South Africa, Springs 
Representatives Throughout the World. 15,216R 
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TYPE (Friction surface 10 UE RATINGS H.P. 
diameter) (at 75 psi. 100 RPM) 
any CB 6” to 84” 2,040 to 1,130,000 _ 
Clutch & Brake 
7 ” 2,000 to 24,000 
ce) cS 4" to 24 plus self energizing 
Brake 
N a - 43 to 
— VC arrow 11 to 42 27,000 to 380,000 A. 
te Ce 
Ventorque "é o 348 to 
Clutch &Brake “ide 24” to 46 219,000 to 900,000 1430 
E 12” to 40” 11,300 to 225,000 ety 
Air Ring 
Clutch & Brake 
omens VE 40 to 
19” to 27” 25,500 to 58,500 93 
Air Ring 
Clutch & eke 
6 to 24” 910 to 45,000 _ 
Clutch & Brake 
6” to 24” 1540 to 83,500 ty 
FR 
15,000 to 65,000 
CT 12” to 24” ’ re 
Brake plus self energizing 
FS PA CB Clutch 8” to 36” 4,290 to 172,000 
Pannen) (FAWICK Standardized cs Brats 6” to 24” 2,000 to 100,000 
Press Application) 
LIQUI-COOL 4,500 to 200,000 
Clutch & Brake 








MAGN FTIC Applications: Oil or dry operation requiring high speed stops and starts, high cyclic 
rates, instant starting with heavy loads, or fast engagement and disengagement. 


Torque Rating (in.-Ibs.) 
M 





In Oil ' Dry Body Clutch 
Start } Run i Start I Run Bore 0.0. Diameter 
Ue a) ne ey 50 to %" to 2%” to 2" to 
34,000 i 44.000 | 51,000 66,000 342" 13%" 13” 
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Single Passage Quick Release Flexline Timing Cam 
Rotorseal Valve Clutch Control Rotorseal ™® Limit Switch 
CHARACTERISTICS _ LITERATURE 
* 
Transmits Torque Through Rubber Side Walls, 5 ML-176-A 
Pneumatic Actuation High Speed Cyclic Applications, Complete, Automatic Disengagement, i ML-172 
Constricting Type General Power Transmission Drum/Friction Shoe Clearance Eliminates Drag, 500-A2 
Acts as Clutch Coupling 4 
x 
4 
Self-Energizing, Spring ; 7 * Automatic Engagement at Any Time of ML-99-A 
Engaged — Air Released, Pay heen Replication, Pneumatic or Electrical Failure — Simple, ML-161 
Constricting Type p External Adjustment 500-A2 
| 7 ae ; 
Pamanttie Retuttion wun Mich Seoniastnaaer” Rapid Heat Dissipation, Low Diametral ML-102-A 
Constricting Type Sustained Slippage Size, High Torque Capacity 
Pneumatic Actuation ey aoe er hap ag Heavy Duty Construction Resists High 500-A2 
Expanding Type Clutch and Tension Brake Applic. Heat Generation 
anon yee: foosteaaea With Ventilated Shoe Aids Rapid Heat 500-A2 
xpanding Type Heavy Duty Service Dissipation; Relinable in the Field 
Pneumatic Actuation ree arr ae roe starting Transmits Torque Through Rubber 
T rey mp ae Side Walls, Unusuall Mounti 500-A2 
Expanding Type Continuous Slip Service e Walls, Unusually Compact Mounting 
Pneumatic Actuation rae ro, t Rubber Friction Surface Provides 
xpan upling Tor Engagement 8 Maximum Torque for Small Diameter 500-A2 
Expanding Type Standstill or Low RPM EE TORGES OO ne om 
Spring Engaged, Air Extreme Heavy Duty Cyclic Jobs Same Effectiveness in Both Rotational! ML-182 
Released, Constricting Type Requiring Exact Stopping Directions, with Extreme Self-Energization , 
, Power Press Package Application, 
P 
newmetc Actuation Also Adaptable to All High Speed No Backlash, Simplified Installation, 
Constricting Type ML-172 
Cyclic Machinery Requiring Precise Provides Manpower and Machine Protection, 500-A2 
Self-Energizing, Spring Engaged—Air Automatic Control of Single, Reduces Flywheel Overhang . 
Released, Constricting Type, Fail-Safe Continuous or Inching Operations 
High Inertia Starting & Stopping, 
Air, Water or Hydraulic Constant Tension Braking, nego ss cna a a psi), 
Fluid Actuation Continuous Slip Clutching, pee ne bene ion, Light Weight, ML-181 
High Rotational Speeds On Ate Senge 











FAWICK AIRFLEX DIVISION 
FAWICK CORPORATION 


9919 CLINTON ROAD * 


CLEVELAND 11, OHIO 


fFowick Canada, Ltd., 60 Front St., West, Toronto, Ont., Canada 


INDUSTRIAL 
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Flevible Shafts 


FOR MANY FIELDS 


CIRCLE ESS 
ADAPTERS 


are lightweight, compact, dur- 
able and offer a number of 
varied uses. The Dual Drive 

Adapter 
measures only 2-27/32” x 
1-61/64” and 
only 4 oz. For com- 


pictured here 


Rt. Angle 
Adapter 


weighs 


plete adapter specifi- 
cations send _ for 
Flexible Shaft Ad- 


t 
Dual Drive —_ 


Adapter 


Ey 


Rt. Angle 
Ball Bearing 
Adapter 


H Type 
Adapter 


Circle Ess Flexible Shafts are compact, lightweight, 
strong, and durable. They transfer power effi- 
ciently and economically regardless of obstruc- 
tions in the path of installation, while insuring 
the most accurate alignment. 

Pictured below are examples of the flexible 
shaft assembly, and a few of the indus- 
tries in which flexible shafting has 
found application. Complete specifi- 
cations on the cable and casing 
which make up the flexible shaft 
assembly are included in our 
Circle Ess Flexible Shaft book- 

let. Send for it today. 


AIRCRAFT 


4311-13 RAVENSWOOD AVENUE - CHICAGO 13, ILL. 
WEST COAST PLANT: 2404 So. Grand Ave., LOS ANGELES 7, CALIFORNIA 
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rol is a BORG & BECK tradition that means 


At Borg & Beck, quality control is not just a phrase to 


which we pay lip service. It is a tradition born of the long- 
standing Borg & Beck policy of building up to a standard 
—not down to a price. 

in the photograph at the left, for example, release levers 
are being checked on special equipment to make sure they 


are parallel with the pressure plate. As shown at the right, 
every Borg & Beck clutch plate is carefully tested for correct 


deflection to assure positive release. And every driven plate 
and cover assembly is dynamically balanced for maximum 
smocthness of operation. 

These exacting tests are typical of the extra care that 
goes into every step in the making of Borg & Beck clutches. 


They are your assurance of top quality, top performance, 
top value. And that means: BETTER CLUTCHES. 


= . 


THE AUTOMOTIVE STANDARD FOR MORE THAN 40 YEARS 
BORG A BECK DIVISION, BORG-WARNER CORPORATION, CHICAGO 38, ILLINOIS 
Export Sales: Borg-Warner International, 36 S. Wabash, Chicago 3 
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CUSTOM-BUILT Power Transmissions 
from Standard FUNK Components 


manual of 
FUNK Modular Units can be combined in an unlimited Reliability 
number of power transmission arrangements, quickly 
and economically — without special engineering costs. This handbook of principles is based on a per- 
Only 3 standard flanges do the trick — fit practically any 
unit to any machine and any need. You get a custom- 





sonal study of the reliability departments or 


made system — at a production-line price. Our engi- visions in leadi ompanies, on interviews with 
neering department will be glad to work with you. divisions in leading comp 


dozens of men charged with this responsibility, 
supplemented by a nationwide survey — with 


REVERS-O-MATIC®DRIVES emphasis on mechanical reliability—the “facts 


A single throttle lever changes your direction and speed behind the fad.” 
of travel and controls this compact combination of hy- 
draulically operated clutch Topical headings: what is reliability, what has 
and torque converter. It’s ey : ‘ae OF ‘ 
the simplest control yet de- | > j been done, how to design for reliability, a design 
vised for shuttle movement if ' check list, human factors in reliability, importance 
— up and down — forward ad’ : a ip 
and reverse. Smooth, in- ) oft of Be of failure analysis, statistical tools, the reliability 
o42 4 a me * . Po 3 y : 
a aoe yee we Saya NE AG organization, implementing the program and im- 
flanges readily adapt to eee portance of communications. 
other components. Ideal for eo ; 
road rollers, hoists and 32 pages, fully illustrated. 
shovels. y 50¢, postage paid. 
Send order with remittance to 








Reader Service Dept. 
PRODUCT ENGINEERING 
330 W 42 St, New York 36 


N FW! ¥ WORM GEAR 
REVERSING SCREW JACKS 
TRANSMISSIONS by JOYCE 


A rugged, synchronized shift for 

TORQUE CONVERTERS fast reversals. Eliminates bring- 

A diversified line of compact ing machine to a complete stop 

short-coupled units. Fit SAE to change direction. Ideal for 

housings, Standard flange system loaders, conveyors and winches. 
adapts to any other Funk equip- Pictured with heavy-duty clutch For 

eve 


ment. housing. 
| Pressure and Torque Applications 
RIGHT ANGLE : Actuating — 
DRIVES | ie Conveyor Adjustments 
me ", er Machine Adjustments 
Meuse tp, down, af 5 | Leveling Systems 
= Welding Positioners 
Jigs 
Testing Equipment 























GEAR REDUCTION POWER TAKE-OFFS 


4”, 4%” and 6%” gear centers. For 
60, 75 and 90 H. P. engines with SAE 
housings. Wide selection of standard 
ratios. Equipped with 
standard modular 
flanges. Feature exclu- Models, one ton and up. Can be driven by 
sive straddle mounted motors or manually operated .. . synchronized 
pinion Twin-shaft and by interlocking shafting and gear boxes. Various 
single-shaft models. screw attachment heads available . . . also 
stainless steel or hollow screws. 
SEND COUPON FOR FOLDER TopDay! 


WRITE FOR CATALOG OF OUR COMPLETE LINE ( - THE JOYCE-CRIDLAND COMPANY, DAYTON 3, OHIO 


Rush folder on Worm Gear Screw Jacks! 


NZ FUNK MFG. CO. a 
P. O. Box 577-D COMPANY 


Send Us Your ADDRESS 
Power Transmission Problems Coffeyville, Kansas 
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catalogs and bulletins. ........continued 
(E-96) Electric Clutches—Catalog, 20 pp. 
Dry plates or face teeth are engaged elec- 
trically. Tables, curves and formulas give 
dimensions, torque and thermal ratings. 
I-T-E Circuit Breaker Co, 1900 Hamilton 
St, Philadelphia 30. 


(E-97) Power Transmission—Catalog, 15 
pp. Describes flexible couplings, variable 
speed pulleys and transmissions, shaft 
mounted gear reducers and others. Love- 
joy Flexible Coupling Co, 4841 W Lake 
St, Chicago 


(E-98) Belt Power Transmission—Catalog, 
32 pp. Provides dimensions and ratings of 
v-belts, pulleys, sheaves, variable speed 
transmissions and others. Lovejoy Flexible 
Coupling Co, 4945-4949 W Lake St, 
Chicago 44. 


(E-99) Large Gears—Bulletin, 12 pp. Out 
lines capabilities of company for making 
large and also regular size gears. Example 
spur gears to 134 in. PD. Illinois Gear & 
Machine Co, 2108 N Natchez Ave, Chi 
cago 35. 


(E-100) Flexible Couplings—Catalog, 20 
pp. Contains drawings, dimensions, load 
computation tables and graphs. Couplings 
handle up to 1020 hp. Includes universal 
joints. Lovejoy Flexible Coupling Co, 
4945-4949 W Lake St, Chicago 44 


(E-101) Magnetic Clutches—Brochure, 4 
pp. Small 24 vde clutches handle up to 
about 24 in.-lbs torque. Curves, tables and 
drawings give dimensions and operating 
characteristics. The Magnetec Corp, 7232 
Eton Ave, Canoga Park, Cal. 


(E-102) Link V-belts—Prochure, 8 pp. 
Gives rating table and design guides for 
link belting to replace section D and E 
v-belts. Manheim Mfg & Belting Co, 
Manheim, Pa. 


(E-103) Link \V-belts—Catalog, 24 pp 
Furnishes tables and instructions for select 
ing link belting to replace sections 00 
through E v-belts. Manheim Mfg & Belt- 
ing Co, Manheim, Pa. 


(E-104) Clutches—Catalog, 76 pp. Pre- 
sents dimensioned drawings, capacities, 
illustrations of applications. Includes au- 
tomatic freewheeling clutches for single 
shaft drives; clutch couplings for connect 
ing shaft ends; backstops for conveyor or 
elevator headshafts; enclosed units for high 
speed, outdoor, continuous operation. Mar- 
land One-Way Clutch Co, Box 308, 
LaGrange, III. 


(E-105) Variable Pitch Pulleys—Catalog, 
4 pp. Gives dimensions and capacities for 
spring loaded pulleys, hand wheel con- 
trolled compound drives to handle ¢ to 
one hp. Maurey Mfg Corp, 2907-23 S 
Wabash Ave, Chicago 16. 





Call 


acMet 


for Service 


POWER TRANSMISSION | Es 


(hain, 
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for efficiency and economy 


drive 
© i it with 


‘® ACME 


chains 
and Sprockets 


In any drive where maximum effi- 
ciency is essential you will find Acme 
precision roller chain and sprockets 
are readily adaptable. Illustrated at 
the left are several drive applications. 

Use Acme Chain drives wherever 
dependable, efficient and economical 
transmission of power between par- 
allel shafts is required. Their correct 
principle of design provide operating 
characteristics superior to any other 
means of power transmission. Acme 
Chains and Sprockets deliver Positive 
— Efficient — Economical — Flexible — 
Rugged — and Quiet Power Trans- 
mission. Send your power transmis- 
sion problems to Acme for the right 
solution. 


Write Dept. 26-Yfor new 100 
page Iilustrated Catalog, in 
cluding new engineering sec 
tion showing diagrams of 36 
methods of chain driving 


HOLYOKE 


MASSACHUSETTS 


COMPLETE LINE OF ROLLER CHAINS AND SPROCKETS + DousBLe PITCH CON- 
VEYOR CHAINS * STAINLESS STEEL CHAINS *« CABLE CHAINS « FLEXIBLE 


continued COUPLINGS « STANDARD AND SPECIAL ATTACHMENTS 
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specialists 
in 
clutch 
design! 


MERCURY 
CLUTCHES 


© 


MERCURY CLUTCH DIVISION 


| Steel I 
1261 CAMDEN AVE. S. W., CANTON 6, GHIO 
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if you use fractional hp 
drive assemblies... 


A RAMPE NYLON FIBERGLAS 
PULLEY OR SPEED REDUCER 


can save you 33% 
or more per unit 


Cost savings on precision molded, 
nylon reinforced fiberglas parts 
can easily amount to one-third 
or more. Rampe Variable Pitch 
Pulleys and Speed Reducers add 
extra chemical and wear resist- 
ance, impact strength, self-lubri- 
cation for hard-to-reach installa- 
tions. Durable, proved in scores of 
production applications. Fighting 
high costs? Send for details and 
prices today. 


Immediate delivery from stock. 


QB) RAMPE wre. co. 


14915 WOODWORTH AVE., CLEVELAND 10, OHIO 
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SPEED 
SELECTOR \ 


VARIAB\S * 


ch SHEAVES 


Control Speeds on 


Variety of Machines 


* 
-, 


wet “Special 
Mowers and Equipment 
ine a 


Machine Tools Materials Handling 


Wide Speed Range! Low Cost Sheaves 


Speed Selector Sheaves can 

give your machines or equip- CATALOG 
ment extra wide-range speed FREE! 
control on fixed centers. Effi- WRITE 
cient, rugged, simple to use — TODAY 
low in cost! Write for Illustrated 

Bulletin. 


7) od 8 He) a om eo) i, [om 


P.O. BOX 312-F * CHAGRIN FALLS, OHIO 
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catalogs and bulletins. continued 
(E-106) Clutch-sheave—Brochure, 10 pp. 
Describes device which combines electric 
clutch and v-belt sheave to give variable 
torque output. Warner Electric Brake & 
Clutch Co, Beloit, Wisc. 


(E-107) Air Clutches—Bulletin, 4 pp. Ex 
panding air tube engages friction discs. 
lables give ratings and dimensions. 
Wichita Clutch Co, Inc, Box 1150, 
Wichita Falls, Texas. 


(E-108) Stamped Gears—Catalog, 8 pp. 
Lists available stock dies for stamped gears 
from 8 to 120 diametral pitch. Winzeler 
Mfg & Tool Co, 7355 W Wilson, Chi- 
cago. 


(E-109) Miniature Speed Reducers—Bul 
letin, 4 pp. In-line reducers come in 400 
ratios from 1 to 1 up to 531441 to | 
Includes anti-backlash model. Speeds of 
10,000 rpm possible. Metron Instrument 
Co, 432 Lincoln St, Denver 3 


(E-110) Small Speed Reducers—Bulletin, 
4 pp. Spur gear reducers operate at 10,000 
rpm maximum, handle 0.1 hp—0.05 hp 
for anti-backlash model. Over 600 ratios 
listed. Metron Instrument Co, 432 Lin 
coln St, Denver 3. 


(E-111) Gears, Speed Reducers—Catalog, 
268 pp. Contains tables, charts, diagrams 
describing bevel, helical, single and double 
worm gear reducers; gears, gear hobs, 
sprockets. Also offers special work. The 
Ohio Gear Co, 1333 E 179 St, Cleveland. 


(E-112) Servo Drive—Bulletin, 4 pp. Sys 
tem with servo amplifier, servo valve, 
hydraulic motor and tachometer-generator 
gives forward and reverse speed control 
Pegasus Laboratories, Inc, 3690 W Eleven 
Mile Rd, Berkley, Mich 


(E-113) Precision Gears—Brochure, 25 pp. 
Shows types of gears, sprockets, clutches 
and related products company can make 
Lists machinery used. Quaker City Gear 
Works, Inc, 800 Red Lion Rd, Bethayres, 
Pa 


(E-114) Silent Chain—Catalog, 40 pp 
Explains design of drives, operation of 
chains, installation and maintenance 
Tabulates ratings and dimensions of chain 
and sprockets. Ramsey Products Corp, 
55 Broadway, Albany 4, NY 


(E-115) Ribbed Belts—Catalog, 12 pp. 
Ribbed design carries more power than 
equal width of v-belts. Tables give sizes 
of belts and sheaves. Raybestos-Manhat- 
tan Inc, Manhattan Rubber Div, Passaic, 
NJ. 

(E-116) Small Ribbed Belts—Bulletin, 4 
pp. Sizes designed for short centers and 
small sheaves. Provides design formulas 


and selection tables. Raybestos-Manhattan, 
Inc, Manhattan Rubber Div, Passaic, NJ. 


continued 
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Design 
Uniform lift 
into equipment 
with 
DUFF-NORTON 
WORM GEAR 
JACKS 


Many designers find a ready answer 
to precise control of linear motion in 
machinery or equipment with built- 
in Duff-Norton Worm Gear Jacks. 





They are used singly, in tandem 
and in multiple jacking arrangements 
to position loads weighing from a few 
hundred pounds to as much as sev- 
eral hundred tons. 

When connected in tandem or 
groups of four, six or more, these 
jacks always raise or lower in exact 
unison regardless of load distribu- 
tion. They are also used for applica- 
tion of pressure, to push or pull and 
as linear actuators. 

Duff-Norton Worm Gear Jacks are 
self-locking and will hold heavy loads 
in position indefinitely without any 
creep. Since there is no fluid or air 
to leak, the action is always positive 


and maintenance is no problem. 

These jacks are available in eight 
standard models with capacities 
ranging from 2 to 100 tons and with 
standard raises from 6 to 24 inches. 
Special raises can also be furnished. 

To learn more about how Duff- 
Norton Worm Gear Jacks may be 
used in your equipment, send for the 
bulletin which shows engineering 
drawings of jacks, Duff-Norton 
Mitre Gear Boxes and typical appli- 
cations. Ask for AD 66DD. 


DUFF-NORTON COMPANY 


Four Gateway Center « Pittsburgh 22, 
COFFING HOIST DIVISION «+ Pittsburgh, Pa. 


DUFF-NORTON JACKS 


Ratchet + Screw 
Hydraulic « Worm Gear 
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Ratchet Lever « Air 
Hand Chain « Electric 
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WHITNEY CHAIN DRIVES FOR EVERY NEED 


MSL* SELF-LUBRICATING CHAIN 


Whitney MSL Self-Lubricating Chain is 
lubricated for life by oil-impregnated, 
sintered steel bushings, No additional 
lubrication is required. Outlasts con- 
ventional pre-lubricated chain as much 
as 5 to 1 in severe operating environ- 
ments. Completely interchangeable 
with any A.S.A. Standard chain. Write 
for Catalog MSLB-2. 


*Maximum Service Life 


; arsenate 
© &< 309 (© ©) ©) Available in single, double and triple 


DOUBLE PITCH SERIES 
(oo) TT 0} Transmission Type "‘A’’ 
Available in 1°, 14" and 14° Pitch 





CONVEYOR TYPE “CA"’ 
Available in 14" and 2° Pitch 


@)| | 0) 





AMERICAN STANDARD ROLLER CHAIN 


Whitney American Standard Roller 
Chain Drives are made to exacting 
specifications from carefully selected 
materials to provide the user with de- 
pendable, low cost drives for any ap- 
plication. Rolls, Bushings, Pins and 
Plates are designed for long-life opera- 
tion. Careful assembly into chain of 
uniform pitch assures quick, easy 
installation. 


Whitney Conveyor Chain is available 
in types and sizes to meet a wide range 
of applications. They are supplied in 
two types: #2000 Series with standard 
rollers and the #2002 Series with over- 
size rollers as illustrated. Both types 
can be supplied with bent or straight 
attachment lugs and extended pins. 
Platform Series Chain is designed for 
smooth, level operation with no chatter 
or vibration, even on extended con- 
veyor lines. 


Whitney Stock Sprockets are manu- 
factured to the highest quality stand- 
ards. Sprocket teeth are correctly de- 
signed and accurately cut to A.S.A 
Standards for dependable performance 
and maximum chain life. Types A, B, 
and C are available in single and mul- 
tiple pitch widths in a wide range of 
pitch sizes. 


AVAILABLE IN 
SINGLE STRAND 
From %" to 3° Pitch in standard and 
heavy series 


AVAILABLE IN 
MULTIPLE STRANDS 
From %* to 3° Pitch in standard 
and heavy series 


CONVEYOR CHAIN 


STANDARD ROLLER SERIES 
Available from 1° to 4” Pitch 





LARGE ROLLER SERIES 
Available from 1° to 4” Pitch 





PLATFORM SERIES 
Available in a variety of types 


STOCK SPROCKETS 


‘ool? 


TYPE A—No Hubs 


TYPE B—Hub on 
one side 


TYPE C—Hub on 
both Multiple Strand 
Sprockets 


OTHER CHAIN PRODUCTS 


The Whitney Chain line included many 
standard and special purpose chain 
drives and chain components. Every 
Whitney product is years of specialized 
design and manufacturing experience. 
Whatever your requirement in chain 
drives or chain products, there's a 
Whitney product to meet the need. 
Write for the Whitney Chain Catalog. 
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wee and heavy series 
chains up to 
strand 


CONE eee 


THE WHITNEY CHAIN COMPANY 


4587 G6. Western Bivd., Chicago 9, Ii. 
. AND MACHINE CORPORATION 


a subsidiary Sf 
FOOTE BROS. GEAR 
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of Power Transmission Drives 


From THE ONE COMPLETE LINE 


WORM :s 


Foote Bros. Worm Gear Drives 
combine precision generated worm 
gearing with balanced design bear- 
ings and shafts to deliver econom- 
ical, dependable right angle power 
for any application. Drives are rated 
to AGM Standards. Write for 
Catalog HGB. 


Fan-Cooled Vertical Single, 
Double 


Reduction 


CONCENTRIC SHAFT DRIVES 


e 554 Stock Combinations 
e Capacities From 1 to 150 HP 
e Output Torque to 100,000 Ib. in. 


Concentric Shaft Drives incorpo- 
rate high hardness, premium quality 
Duti-Rated Lifetime Gearing to pro- 
vide greater load carrying capacity 
and longer service life. Compact 
design takes less space per rated 
horsepower. Rated to AGMA 


Standards. Write for Engineering 


Flange Mounted 
Manual LP No. 3. 


Straight Line 
and Right 
Angle Types 


Foot Mounted 
Right Angle 


Foot Mounted 
Straight Line 


Base Mount 


PARALLEL SHAFT DRIVES 


62 Standard Sizes ¢ 9 Shaft Arrangements 
; to 1550 HP 


e Capacities 


SHAFT MOUNTED DRIVES 


e 45 Stock Combinations 
e Capacities From { to 40 HP 
e Output Speeds: 9 to 420 RPM 


Single Double Flange 
Reduction Reduction Mount 


MOTORIZED DRIVES 


: Output resin Gay 7.5 to 780 RPM 
. 
« Capacities to 150 HP 


Line-O-Motor 


FOOTE BROS. GEAR AND MACHINE CORPORATION 


Foote Bros. Parallel Shaft Drives 
are designed for applications with 
heavy shock loads, high overhung 
loads—or installations requiring 
multiple output shafts. Ruggedly 
built to deliver trouble-free perform- 
ance under most severe condi- 
tions. Rated to AGMA Standards. 
Write for Catalog MPB. 


Duti-Rated Lifetime Gearing in 
Foote Bros. Shaft Mounted Drives 
transmits more horsepower—size- 
for-size than any other units to make 
them more economical, more effi- 
cient, in any application. Designed 
for quick, easy mounting. Rated 
to AGMA Standards. Write for 
Catalog SMB. 


Stronger, tougher Duti-Rated Gear- 
ing in Foote Bros. Motorized Drives 
guarantees smoother operation, 
longer life. Foote Bros.—Louis 
Allis Gearmotors available with any 
type of motor to meet your needs. 
Line-O-Motor Drives permit you to 
use any NEMA Frame motor. Rated 
to AGMA Standards. Write for 
Catalog MRA. 


POWER TRANSMISSION DRIVES 4587 South Western Goulevard, Chicago 9, Ilinois 
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Custom-build Your Worm Gear Drive from... 





The four “‘worm-under” speed reducers shown 
above represent only eleven sizes of standard, 
Cone-Drive units. Also standard are 15”, 18”, 22”, 
and 24” center distance units. Cone-Drive worm 
gear reducers are available in ratios from 5:1 to 
4900:1 and up to over 1200 HP capacity. All units 
feature the double-enveloping principle in which 
the worm and gear wrap around each other for 
greatest tooth contact, strength, smoothness, shock- 
resistance and quietness of operation. 


All Cone-Drive worm-gear reducers feature 
heavy, ribbed, nickel-iron castings for maximum 
strength and heat dissipation. Heavy-duty taper 
roller bearings provide anti-friction support to both 
worm and gear shafts. Chrome-molybdenum-nickel 
steel worms and tin bronze gears provide long life 


OVER 200,000 STOCK 


and high strength. The Cone-Drive design also 
gives the exclusive benefit that, in service, both 
gear and worm tend to regenerate their true form 

. worm and gear wear “in” rather than “‘out.’’ 


Standard Options 


By selecting various options, standard units can be 
obtained to fit almost any drive requirements. By 
taking advantage of these options in the early 
design stages, you can often simplify design and 
improve performance, too. Including size and ratio 
ranges and options available, Cone-Drive Gears 
offers over 200,000 worm-gear speed reducer combi- 
nations that are standard, shelf-hardware items. 
Special sizes and ratios can be furnished on a 
quotation basis. Write for Bulletin CD-218 for 
complete details. 


CONE-DRIVE GEARS oivision micnican root company 


7171 E. McNichols Rood + 


, DOUBLE- wvacorine f (jouer. ENVELOPING woant) 
a Wee 


Q ) 7 WORM GEARSETS 
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Detroit 12, Michigan + 


GEAR SPEED REDUCERS ait 4 


Telephone: TWinbrook ag 


DOUBLE-ENVELOPING 


DOUBLE REDUCTION WORM, 
A wort ANGLE GEARMOTORS 


GEAR SPEED REDUCERS Ww 1, 
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—produced to meet your specifications 
EFFICIENTLY, ECONOMICALLY! 


MASS PRODUCTION ECONOMY—Large or small, you get the 
benefits of high production rates and big volume output at Fairfield 
—where fine gears are produced to meet your specifications 
EFFICIENTLY, ECONOMICALLY! 

QUALITY PLUS—There is no finer recommendation for the quality 
of the product you sell than to be able to say it is “EQUIPPED 
WITH FAIRFIELD GEARS!” 


DEPENDABLE SOURCE OF SUPPLY—Fairfield is one of America’s 
largest independent producers of precision-made, automotive type 
gears for leading builders of construction, agricultural, industrial, 
marine, and automotive equipment. 

BACKED BY EXPERIENCE— Unexcelled facilities in an ultramodern 
plant backed by more than thirty-nine years’ experience in pro 
ducing Spur, Herringbone, Spiral Bevel, Straight Bevel, Hypoid, 
Zerol, Worms and Worm Gears, Splined Shafts, and Differentials 
to customer’s specifications. 

ENGINEERING SERVICE—Fairfield engineers are qualified to make 


expert recommendations on your gear production requirements. 
Your inquiry will receive prompt attention. 


FAIRFIELD 


MANUFACTURING CO., INC. 
2345 S. Concord Rd. Lafayette, Indiana 








- ; _—, pei. . ' [| 
“Fine Gear Made to Order 
SPUR GEARS — Straight, helical, and in HYPOID — Sizes from 11/2” to 28” dia 
ternal. Sizes from 16 pitch, 12” dia., to 
1% pitch, 36” dia Zant 
ASK FOR HERRINGBONE — (Fellows Type). Sizes 
INTERESTING from 11/2” to 15”. WORMS & WORM GEARS Worms to 7 
ILLUSTRATED SPIRAL BEVEL — Sizes from 16 pitch, “2 Worm goers to 36° dla. 
BULLETIN 11a” dia. to 1% pitch, 28” dia SPLINED SHAFTS — Lengths to 72 
STRAIGHT BEVEL Sizes from 16 pitch DIFFERENTIALS — 3,000 to 500,000 inch 
1¥2” dia. to 1¥2 pitch, 28” dia. pounds capacity 


Sizes from 16 pitch, 12" dia 
to 12 pitch, 21” dia. 


Note: All of the sizes above are approximate 
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Want to “design-in”, better tractor performance? 


eV 


First—check these Morse power transmission 
components to solve many design problems! 


ay); 


1 Taper-lock sprockets on 
side power-take-off shaft 


4 Morflex coupling on front 
end drive shaft take-off 


7 Hy-Vo® Drives for drop- 
box transmission 


2 H-E Roller Chain for power 
transmission 


5 Timing® Belt drives for 
fuel injection application 


8 Miter boxes for pto drives 
for saws or grinding wheels 
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3 Morse torque limiter on 
power -take-off shaft 


9 Two-Way, No-Way Clutch 
for hand throities 


Morse power transmission components 
have wide proved-in-the-field applica 
tion superiority. By designing them 
into your tractor or farm machinery, 
you can simplify and cut many hours 
off design problems . . . even lower 
production costs. 


Examine these examples of Morse “‘ex- 
clusives”. Then call in a Morse engi- 
neer to work with you from the start. 
His broad experience can be a valuable 
shortcut to a better product for you. 
Call or write: Morse Chain Company, 
Dept. 34-90, A Borg-Warner Industry, 
Ithaca, N. Y. Export Sales: Borg- 
Warner International, Chicago 3, IIl. 
In Canada: Morse Chain of Canada, 
Ltd., Simcoe, Ontario. 


A BORG-WARNER INDUSTRY 
CIRCLE 263 ON READER SERVICE CARD 263 
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DODGE MANUFACTURING CORPORATION 


8900 Union Street, Mishawaka, Indiana 


Specialists in Power Transmission Machinery 


of Mishawaka, Ind. 


for 80 Years 





DODGE DYNA-V DRIVES... Save Space, Weight, Money! 


An entirely new line of V-belt drives that 
transmit more horsepower, require less 
space, generally cost less—and handle up 
to three times as much horsepower in a 
given space. Narrower grooves, to match 
stronger, narrower Dyna-V belts, greatly 
reduce the width and weight of Dyna-V 
sheaves. Dyna-V belts are built with a 


crowned top which keeps the Flex-Bonded 
cords in alignment so that they share equally 
in carrying the load. Dyna-V sheaves have 
Taper-Lock bushings for quick, sure mount- 
ing—interchangeable in other Taper-Lock 
products. Dyna-V drives are stocked in two 
belt widths for capacities to 200 hp. Drives 
"ip to 1500 hp furnished on order. 





DODGE TAPER-LOCK ROLLER CHAIN DRIVES .. . No Reboring! No Waiting! 


All to ASA Standards. Dodge Taper-Lock 
sprockets are modern—save time and 
money. Single Strand Chain and Sprockets 
—Nos. 35 to 160. Sprockets to 112 teeth. 
Double Strand Chain and Sprockets—Nos. 
35-2 to 80-2. Sprockets to 112 teeth. Double 








Series (Nos. C2040 to C2100). Sprockets to 
112 teeth, with special double pitch design in 
17, 19, 21, 23, 25 and 35 teeth sizes—sizes 
in which special spacing is required for per- 
fect tooth action. Conveyor Series, Large 
Roller—Nos. C2042 to C2102. Standard 








Pitch Chain and Sprockets—Transmission 
Series (Nos. 2040 to 2080) and Conveyor 





Attachments. Steel Plate Type A Sprockets 
—Nos. 35 to 120. 








DODGE FLEXIDYNE “DRY FLUID’’ DRIVES 


Flexidyne is the surest way to start loads 
smoothly—to protect against damaging over- 
load — without any sacrifice of efficiency at 
full load ! \t is a “dry fluid”’ drive that uses 
heat-treated steel shot as a “flow charge.” 
Initial slippage is momentary. Housing and 
rotor become locked together by the flow 
charge and full load is achieved without 


slip and at 100% efficiency. Flexidyne’s 
“soft start’ eliminates the need for oversize 
or high torque motors. Equipment lasts 
longer. And big savings are possible in the 
processing of materials that readily break. 
Eight drives, ten couplings —fractional to 
1000 hp—available from stock. Larger 
sizes furnished to order. 





DODGE PARA-FLEX FLEXIBLE 


Here is a new type of performance made 
possible by the development of a reinforced 
rubber flexing element. The “*4-way flex” 
of these unique couplings automatically 
compensates for end-float, parallel 
misalignment, angular misalignment or any 
combination of all three. It cushions the 
stresses of shock loads. And it absorbs 


CUSHION COUPLINGS 
torsional vibration—reducing noise and 
protecting machinery. 

Para-flexes take minimum space on the 
shaft. Mounting is simplified through the 
use of standard Taper-Lock Bushings. 
Standard type available in capacities up to 
2000 hp. Also High Speed and Flywheel 
types for speeds to 5230 rpm. 





DODGE TAPER-LOCK COUPLINGS... Chain, Rigid, Flexible 


Ready for the shaft without reboring or 
machining. Bushings are interchangeable in 
Taper-Lock products. 

Dodge Flexible Disc Couplings are avail- 
able from stock in shaft sizes from 4” to 
3”. Dodge Rigid Couplings from 14” to 6”. 
Dodge Taper-Lock Chain Couplings from 
4" to 3", Dodge Taper-Lock Chain Coup- 











lings permit sufficient movement between 
hubs to accommodate common minor angu- 
lar and parallel shaft misalignment. The 
double width chain and extra teeth give 
additional bearing area for higher horse- 
power ratings and longer life. Available 
with covers for safety, dirt protection and 
lubrication. 
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DODGE TORQUE-ARM SPEED REDUCERS... . Quality; High Efficiency! 


America’s most complete line of shaft 
mounted speed reducers—57 models. Capa- 
cities from 1 to 170 hp. Output speeds from 
10 to 400 rpm. Single or double reduction. 
Ratios of 5:1, 15:1 and 25:1. Speed ratios 
up to 175:1 with correct selection of speed 
reducer and V-belt drive. Rugged, cor- 
rosion-resistant, semisteel housings. Rigid, 


widely spaced seats for anti-friction bear- 
ings. Heat treated, helical steel gears. 
Modern double-lip seals. Vertical or hori- 
zontal mounting. Reducer locks to shaft on 
both sides of housing. Holes in the output 
hub provide simple removal with puller. 
Overload release and built-in backstop 
are optional, 





DODGE AIR-GRIP CLUTCHES 


Maximum torque capacity in minimum 
space is provided by these fast, responsive 
air clutches. Full sensitivity of control from 
“inching” to complete engagement. Oper- 
ate at air pressures up to 140 psi—with 
minimum air volume, Quick-release air 
valves built into the clutch are available as 
optional equipment for operations requir- 


. 3 Instant Response! 


ing instant disengagement. Air seal disc is 
located at the end farthest from the pres- 
sure plates, which generate the heat in- 
herent in clutch action. Internally ventilated 
for cooler operation and longer life. 

Available from stock in single and double 
plate types. Capacities from 8.5 to 460 hp 
at 100 rpm at 80 psi. 





DODGE PILLOW BLOCKS WITH TIMKEN 


America’s quality pillow blocks—for ex- 
treme dependability of service, from 
general power transmission needs to indus- 
try’s heaviest, toughest jobs. Genuine 
Timken Tapered Roller Bearings give these 
pillow blocks their high radial and thrust 
load carrying capacities. Rugged. Precision 
built. Self-aligning. Easy to mount and 


BEARINGS 


demount. Assembled, lubricated, adjusted 
and sealed at the factory—ready for the 
shaft and for years of trouble-free, econom- 
ical performance. 

Available from stock in five types—Type 
E, Double Interlock, Type C, Special Duty 
and All-Steel. Shaft sizes, 15%" to 12”. Ex- 
pansion and non-expansion. 





DODGE BALL BEARING PILLOW BLOCKS-—SC AND SCM 


The SC and SCM ball bearing pillow blocks 
have been developed to provide—at low 
cost—high quality, anti-friction bearing 
service for small shafts and moderate loads. 

They are assembled, lubricated and sealed 
at the factory ... ready for the shaft. Pre- 
cision built throughout, they feature deep 
groove ball bearings for high radial and 


thrust capacity. Long inner race distributes 
load over greater shaft area. Metal backed 
synthetic seals that can’t blow. Rugged one- 
piece semisteel outer housing. Fully self- 
aligning. 

SC pillow blocks for normal duty on 
4" to 2%" shafts. SCM pillow blocks for 
medium duty on 1%" to 314" shafts. 





The bearings with the liners that can be re- 
placed on the job without removing the shaft 
or bearing base. Costly downtime and dis- 
assembly of equipment are eliminated. 
Three types: Split Bronze Bushed Journal 
Bearings—1'%%" to 2%", Rigid Bronze 
Bushed Pillow Blocks—3%%" to 8”, Angle 
Bronze Bushed Pillow Blocks—1'%@" to 8”. 


BEARINGS.. 


. with Replaceable Liners! 


Especially suited for heavy loads, high tem- 
peratures and corrosive conditions. Dodge 
also makes Babbitted Solid and Split Journal 
Bearings, Heavy Rigid Pillow Blocks and 
Angle Pillow Blocks; Flange Bearings; Fan 
and Blower Bearings, including the famous 
Sleevoil Pillow Blocks (plain and water- 
cooled); and Bronzoil Pillow Blocks. 





CALL THE TRANSMISSIONEER — your local 
Dodge Distributor. Factory trained by Dodge, he 
can give you valuable help on new, cost-saving 
methods. Look under “Dodge Transmissioneer” 
in the white pages of your telephone directory, or 
in the yellow pages under “Power Transmission 
Equipment.” 
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INFINITE RANGE 
EXTREME ACCURACY... 








CGfrahasm) itis evs 


The Graham Drive gives extreme accuracy of speed 
holding and reset from any desired top speed to 
zero. Range and accuracy are assured through the 
correct application of metallic traction in the first 
stage of a compound planetary system. 


Three planet roller cones are canted in a carrier to 
tractionally engage an encircling control ring. . . 
Pinions on the large ends of the rollers mesh with a 
ring gear joined to the output shaft . . . Speed is 
changeable running or stationary . . . Planetary ac- 
tion provides overload protection. The dial permits 
settings to one part in 4000. 


A wide choice of built-in motors, reducers and con- 
trols is available in sizes-fractional to 3 HP. Write 
for full performance data. 


GRAHAM EXTRA FEATURES 


Any desired maximum speed to zero, 
including reverse. 


Straight line extension of a standard motor for 
true compactness. 


Wide choice of controls; mechanical, pneumatic 
or electric, provide remote or automatic control 
of tension, proportion, synchronization, etc., 
from any type of control signal —3 to 15 psi, 
0.5 to 5 ma. 


Ask for Graham Catalog 550. 


Toh wsss TRANSMISSIONS, INC. 


Menomonee Falls, Wisconsin 
, 
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ONE ENGINE 


DOES TWO JOBS 


when you 


use a 
“pate 
Var" Drive 


Whenever an engine has to 
do two things—operate one 
work load at constant speed, 
and another one at variable 
speed—you need a Vari- 
DRAULIC. 


It is positively and infinitely 
variable in torque and speed 
a shock-free speed control 
between power source and 
work load. 








SIMPLIFY YOUR 
RIGHT ANGLE POWER 
TRANSMISSION 
PROBLEMS... 


YOUR DESIGN DESERVES THE CROWN GEAR “PACKAGE”: 
e Totally enclosed Aluminum Alloy Housing 
* 316 Stainless Steel Shafts ¢ Double Sealed Ball 
Bearings ¢ Hardened Steel, Spiral Bevel Gears 
® Choice of 4 or 5 Mounting Positions ¢ Ratings 
from 4, through 2 H.P. ¢ 1:1 or 2:1 Ratio optional 


Contact your local distributor or 
write direct for new catalog . . . 


‘CROWN GEAR 
, 96 PARK AVE., WORCESTER 10, MASS. 
A Division of Harrington & Richardson, Inc. 
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catalogs and briletins 


(E-117) Molded Belts—Bulletin, 4 pp. 
V-belt made for smal] sheaves, short cen- 
ters and high speeds. Gives sizes and 
motor-to-belt matching table. Raybestos- 
Manhattan, Inc, Manhattan Rubber Div, 
Passaic, NJ. 


(E-118) Fhp Variable Speed Drive—Cata- 
log, 16 pp. Explains operation, provides 
dimensions and ratings of stepless drives 
to 3 hp. The Zero-Max Co, 1900 Lyndale 
Ave S, Minneapolis 5, Minn. 


(E-119) V-belt Pulleys—Brochure, 8 pp 
Presents dimensions of single-groove, fixed 
bore and pitch pressed steel pulleys. Salem 
Stamping & Mfg Co, Inc, 631 W State 
St, Salem, Ohio. 


(E-120) Automatic Clutches and Trans- 
missions—Brochure, 4 pp. Describes auto- 
matic clutches for gasoline engines from | 
to 6 hp, automatic variable speed torque 
converters for 1 to 10 hp engines. Salsbury 
Corp, 1161 E Florence Ave, Los Angeles 


(E-121) Miniature Chains and Sprockets 
—Brochure, 8 pp. Chain with a 0.1475 in 
pitch is used in instruments, controls 
Sierra Engineering Co, R A Hawks Div, 
123 E Montecito Ave, Sierra Madre, Cal 


(E-122) V-belt Computer—Bulletin, 4 pp 
Charts give pulley sizes, shaft speeds, shaft 
center distances and belt lengths plus out 
put speeds for different pulley combina 
tions. Congress Drives Div 

3750 E Outer Dr, Detroit 34 


Tann Corp, 


(E-123) Flexible Couplings—Catalog, 45 
pp. Gives dimensions, rating tables for 
flexible disc couplings ranging from 4 in 
OD to those suitable for ore crushers and 
other extreme duty Thomas  Flexib! 
Coupling Co, Box 600, Warren, Pa 


(E-124) Lubricating Devices—Catalog, 
pp. Provides descriptions, capacities, di 
mensions of mist coolant systems, chain 
oilers and other lubricating systems. Price 
lists are included. Trico Fuse Mfg Co 


2948 N Fifth St, Milwaukee 12, Wisc 


(E-125) Sprockets and Chains—Catalog 
80 pp. Contains tables of sizes, dimensions 
and prices and a good engineering data 
section. Union Gear & Sprocket Corp, 
111 Penn St, Quincy 69, Mass 


(E-126) Gears, Flexible Couplings, Uni- 


versals, Collars—Catalog, 48 pp. Contains 


tables of gear sizes and dimensions and a 


good gear engineering data section. Union 


Gear & Sprocket Corp, 111 Penn St, 


Quincy, Mass 


(E-127) Pump Drive—Bulletin, 8 pp. De 
scribes some design features of right angle 
drive for vertical pumps. Ratings rang¢ 
from 15 to 150 hp. US Electrical Motors 
Inc, Box 2058 
Angeles 54. 


Terminal 


continued 
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Annex, Los 


POWER TRANSMISSION E:3 
FRICTION-FREE MOTION: Recirculating 


way bearings and ball screws provide mechanical 
advantages for supporting and moving machine 
components. TYCHOWAY 
bearing combines rigidity 
and capacity of rollers 

with compact, 
easy-to-install 

recirculating 

feature. Elim- 

inates stick-slip as 

low coefficient of friction—less than .005—equal- 


Write for 
Bulletin 22-50 


izes starting and moving friction. 25 lb force 
smoothly moves 5,000-lb load even at low speed. 
Center guide flange assures accurate roller align- 
ment. Antifriction characteristics minimize lub- 
rication problems. SUPER-CISION ball screw 
combines advantages of screw and nut with anti- 
friction characteristics—mechanical efficiency of 
90% or more. Clean, compact nut is result of pat- 
ented internal ball return. Twin-nuts’ unique 
vernier adjustment (see cut) permits precise pre- 
load setting, eliminates backlash. Ball screws and 
nut housings made to any configuration to suit 


requirements, These companion products make 


linear 
Write for 


Bulletin 25-50 motion 


completely 
predictable and 
accurate, with 
minimum effort. 


Special Products Division 


Seully-Jones and Company 
1928 South Rockwell Street, Chicago 8, Illinois 
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| EE | POWER TRANSMISSION 


FOR Optimum positioning control 
Minimum break-away friction 


System stiffness 


Long life without adjustment 


ENGINEERS SPECIFY 


BEAVER precision 
BALL SCREWS 


j 
j 


(LLM. aa i on 


f 


- 
4 Y 
— ¢: 
2 
ee 


Beaver Precision ball lead screws 
on all three axes provide the basic 
measuring and actuating elements 
which simplify the design of this 
tape controlled milling machine. 

Beaver ball screws move table 
of this Bridgeport Mill in response 
to signals from the Electronic 
Control Systems, Inc. ‘“Digimatic” 
control and are typical of those 
now im use on numerically con- 
trolled machine tools of all types. 

If it’s numerically controlled, 
tape or card, it is more than likely 
equipped with Beaver ball screws. 
Our engineers are available to 
you for consultation — can we help 
you improve the design of your 
equipment? 


— 


Seaver 
recision 


é 


§ Droducts 


IN 
CLAWSON, MICH. 
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catalogs and bulletins continued 


(E-128) V-belt Drives—Catalog, 46 pp 
lables of dimensions and capacities pr 
vided for pulleys, solid and link belting 
refrigeration fans, bushings, accessories. In 
cludes table and guides for choosing 
rect ratings. Maurey Mfg Corp, 2907 
S Wabash Ave, Chicago 16 


(E-129) V-Belts—Catalog, 24 pp. Offer 
data on types such as small pulley drives 
shock load, notched, link, open end 
double-v section v-belts, and positive drive 
belts. Maurey Mfg Corp, 2907-23 S Wa 
bash Ave, Chicago 16 


(E130) Variable Speed Transmissions— 
Catalog, 12 pp. Gives dimensions and 
upacities of drives based on variable pitch 
v-belt pulleys. Capacities to 5 hp; ratio 
to 10:1. Maurey Mfg Corp, 2907-23 S 
Wabash Ave, Chicago 16, 


(E-131) Screw and Nut Device—Brochur 
1] pp. Explains operating principles and 
ipplications of device which perform 
screw and nut functions plus freewheel 
ing and other special actions. The And 

son Co, Roton Products Div, 1075 Grant 
St, Gary 40, Ind 


(E-132) Gears—Brochure, 4 pp. Present 
facilities for making all kinds of gears and 
Spro Kets Lists maximum sizes company 
am make. E B Sewall Mfg Co, 705 Ray 
mond Ave, St Paul, Minn 


(E-133) Variable Speed Belt—Brochus 
pp. Shows how this link belt assembk 
inv length in short time Enclosed 

ile lists sizes. Manheim Mfg & Belting 
4 Manheim, Pa 


pp 


(E-134) Flexible Shafting—Catalosg | 

Tells how to select casing, ferrules an 
if power transmission flexible shaft 

Maximum load for largest 

10 Ib-in. Tables list sizes, oper 

ing speeds, horsepower and torque 


other data. B W Elhott Mfg Co, In 
Prospect Ave, Binghamton, NY 


(E-135) Transmission—Brochure, 4 pp. D 
scribes a package transmission providing 
two speeds forward, neutral and revers 
Maximum torque capacity is 1000 in.-lb 
Uses constant mesh planetary ge: 
Snow-Nabstedt Gear Corp 

St, Hamden, Conn 


(E-136) Clutches—Brochure, 4 pp. Shows 
1 variety of clutches, clutch-brakes and 
brakes. Includes disc, shoe, air operated 
id other types. Lists data necessary for 
proper selection. Industrial Clutch Cor 
Waukesha, Wis 


(E-137) Miniature Clutches—Catalog, 
pp. Gives engineering and construction 
data, siz ind prices for stock units with 
nonreversing, Overrunning, single revolution 
ind indexing, applications. Precision Spx 
ialties, Inc, 1342 E 58 St, Kansas City 
Me 
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MECHANICAL PARTS 
AND DESIGN ANALYSIS 


Design Abstracts 

Design Curves for Journal Bearings 
by Donald F Hayes 

New Concepts on Safety Factors 


by Charles Lipson 


Which Bearing and Why? 
by Arnold O. DeHart 


Moment of Inertia of Cylinders 


Design Equations for Curved Springs 
by Joachim Palm and Klaus Thomas 


Designing Products for Automatic Assembly 
by Robert L. Esken 
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REDUCTION OF 
STATIC FRICTION 


In position-control servomecha- 
nisms operating at creep speeds, the 
presence of friction often results in 
undesirable effects such as operating 
dead zone, low frequency wander, and 
poor dynamic performance for low 
level signals. Frictional relaxation 
oscillations may occur between sur- 
faces sliding at low speeds because of 
the negative slope of the dependence 
of the coefficient or friction upon 
velocity. With a coefficient of kinetic 
friction smaller than the coefficient of 
static friction, and a latent elasticity 
in the system of the sliding members, 
a series of oscillations usually in the 
takes 
Such stick-slips cause instability and 


nature of ‘“‘stick-slips’’ place 
extensive metallic wear between slid 
ing bodies 

Thus far there have been no pub 
lished data on the effects of vibration 
on the static coefficient of friction 
This work was undertaken, therefor 
to explore the effect of vibration fre 
quency and amplitude on the 
efhcient of static 
metallic surfaces 

The effect of sonic vibrations on 


friction between 


the coefficient of static friction was 
measured for highly polished, ground, 
ind sand-pitted steel surfaces. ‘The co- 
efficient of static friction can virtually 
be made zero between 6 and 42 k 


Reduction of Static Friction by Sonic Vibra- 
tions,” Hans D. Fridman Massachusetts Insti 
tute of Technology and Pascal Levesque, Ray 
theon Mfg Co. Journal of Applied Physics, 
Oct 1959, 335 E 45 St, New York 17. 


* 


Hardness Plus Modulus of 
Elasticity 

Based on test performed on the 
same metallic materials with both 
cylinder and ball testing apparatus of 
various sizes, a previously suggested 
method of simultaneously determin- 
ing modulus of elasticity and hardness 
was confirmed. A material constant 
was developed that is said to be char- 
acteristic of the plastic phenomenon 
in the hardness-testing process. As 
a result, hardness definitions depend- 
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ent on load are replaced by a defini 
tion independent of test conditions 
Hardness is then stated to be a char- 
acteristic value determined not only 
by plastic behavior of the material 
under test but also the elastic proper- 
ties of the specimen and test ball. 

“On Hardness,” Heribert Moser. Zeitschrift fur 
Metalikunde, No. 234, West Germany. Order 


translation from SLA translation Center, John 
Crerar Library, 86 E. Randolph St, Chicago 1 


* 


Correlating Bendability with 
Tensile Properties 

Simple equation is presented that 
correlates minimum bend radius with 
percentage reduction of area of ma- 
terial. Theoretical derivation as well 
as experimental data are given, with 
very good agreement. Consequently, 
it is proposed that it is possible to 
predict minimum bend radius for a 
specific material, given the percentage 
reduction of area, as determined by 
standard tensile strength test. Rela 
tionship is said to apply to both 
metals and nonmetals. 


Correlation of Bendability of Materials with 
Their Tensile Properties,” Datsko and Yang 
University of Michigan; ASME paper 59-A-110 
ASME, 29 W 39th St, New York 18 


* 


Photoelasticity 

This article discusses two new ap 
proaches to the application of photo 
elasticity to design problems: drilling 
holes at the end of cracks and study 
ing the stress concentrations that de 
velop around them; examining stresses 
that develop when shear pins are bent 
under load. 


“Photoelasticity Can Help the Designer,” J. J 
Dixon, National Engineering Laboratory; Engi 
neering Materials and Design, Dec ‘59, Drury 
House, Russell St, London W C 2, England 


* 


Consolidation of 
Distributed Masses 

By considering the mass of a body 
as if it were concentrated at two or 
more points in space, the solution of 
static and dynamic balancing prob 
lems may be appreciably shortened. 
Dealing first with centers of gravity 
and moments and products of inertia, 


STRACTS 


ie oS a ad 


the principle of substitute masses is 
extended to problems of deflections 
and vibrations. 


“The Consolidation of Distributed Masses,”’ 
W. H. Sheppard, Mechanical World and Engi 
neering Record, 31 King St W, Manchester 3, 
England. 


~ 


Bourdon Tubes Tested 


To fill the gap in knowledge of 
Bourdon tube deflection data, the 
method and results of tests on 70 
different flat, oval Bourdon tubes are 
given. The results are compared 
against published design data. The 
results are evaluated to determine the 
function of the deflection with re- 
spect to geometric parameters. 

“Tests on Deflection of Fiat, Oval Bourdon 
Tubes,’ G. Kardos, Aviation Electric Lid, Mon 
treal, Quebec, Canada; Journal of Basic Engi 
neering, Dec ‘59, 29 W 39th St, New York 18 


* 


Factors in Gear Design 

A table of types of gear loads likels 
to be encountered in 20-odd types of 
industrial equipment is provided, to- 
with a check list of 12 types 
f data that should be available be 


gether 


fore design of gearing begins 


Presentation of Gear Design Data,” R. Gar 
diner, David Brown Industries Ltd; Engineering 
Materials and Design, Oct ‘59, Drury House, 
Russell St, London W C 2, England 


* 


Estimating Vibration and Shock 

I'he methods presented are not to 
be used as a substitute for measuring 
vibration and shock, but rather when 
Steady 


excitation 


measurement is not possible 
state excitation, random 
shock excitation, limitations imposed 
by equipment fragility are all dis 
ussed. 


Methods of Estimation in Vibration and Shock 

Problems C. T. Molloy, Space Technology 
Laboratories Inc; SAE paper 100W; SAE, 485 
Lexington Ave, New York 17. 


* 


Systematic Evaluation of 
Fatigue 

Various fatigue phenomena are de 
scribed in quantitative terms and rela- 
tionships among them are analyzed, 
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in this attempt to achieve a systematic 
approach to this problem. Criteria and 
procedures presented are intended 
only as a reference framework within 
which fatigue tests and monitoring in 
service can be conducted and evalu- 
ated. Discusses a device for monitor- 
ing fatigue accumulation of in-service 
structure. 


“Quantitative and Systematic Attack on 
Fatigue,” Emory T. Haire, Martin Co; ASTM 
poper 70. ASTM, 1916 Race St, Philadelphia 3 


* 
Safety Factor in Design 


factor has 
qualitative meaning only, but it can 


Traditionally, a safety 


be quantitatively interpreted through 
possible variations in the components 
of a design, as well as the probability 
of safety A proposed statistical 
method for determining safety factors 
that is said to give a more rational 
and more economic design than con- 
ventional methods is described and 
demonstrated. 

“Design by Quantitative Factor of Safety, 


Hsvan-loh Su, Imperial College, London; ASME 
paper 59-2-48, 29 W 39th St, New York 18. 


* 


Deflection of Asymmetric 
Beams 

First the effects of force on sym- 
metric beams are discussed. Then, 
for the purposes of this paper, a svm- 
metric beam under the action of an 
oblique force is regarded as asym- 
metric. A method of determining axes, 
particularly the principle axes which 
give deflection in line with applied 
force is then described. 


“The Deflection of Asymmetric Beams,” W. H 
Sheppard. Mechanical World and Engineering 
Review, 31 King St W 3, Manchester, Fiagland. 


* 


Corrugated Diaphragms 
Solutions of the exact, linear, elas 
tic-shell equations for all stresses and 
displacements are presented for a 
typical corrugated-diaphragm — shape 
for three thicknesses varying over a 
9:1 range. Results were obtained by 
numerical integration using an elec 
tronic digital computer. The effect of 
variation in the ratio of thickness to 
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diameter is discussed with respect to 
both stresses and resultants, and peak 
values needed for design purposes are 
presented. Circumferential and meri- 
dional stresses are found to be equally 
important throughout the thickness 
range analyzed. Bending and mem- 
brane stresses are likewise equally im- 
portant throughout the range. Peak 
values in some cases occur near the 
outer rim. 


“Bending and Stretching of Corrugated Dio- 
phragms,” Robert F. Dressler, National Bureau 
of Standards, Journal of Basic Engineering, 
Dec ‘59, 29 W 39th St, New York 18. 


* 


impact Fatigue Strength 
Experiments which yielded differ- 
ences between impact fatigue strength 
and ordinary fatigue strength values 
are described, and effects of varving 
diameters of test bars given. Data on 
scale factor for low vs high-temperature 
tempered specimens is also included 


Study of Impact Fatigue Strength,” N WN 
Davidenkov and E ! Belyayeva, Transactions of 
Metalovedenize i Abrabotka, Metallov, April 
1959, USSR. Translation available from Henry 
Brutcher, PO Box 157, Altadena, Colif. 


* 


Mechanism of 
Thermal Fatigue 
Mechanics of thermal fatigue (some- 
times called “fire cracking’) are de 
scribed and equipment and procedure 
used for experimental verification dis- 
cussed. Importance of proper design 
and the selection of alloys combining 
high hot strength with low thermal 
expansion coefficients is pointed out 
“The Mechanism of Thermal Fatigue,” H S 


Avery, American Brake Shoe Co. Metal Prog- 
ress, Aug 1959, 7301 Euclid Ave., Cleveland 3. 


* 


Cutting Stock Springs to Length 
A quick method for determining 
the appropriate lengths to which long- 


stock 
should be cut for specific applications 


length compression springs 
is described. Author tells how to con- 
struct proportion charts to determine 
spring length under certain loads and 
deflection forces; loads imposed by 
given amounts of deflection; loads de 
veloped by specific length and stroke; 
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length of spring required for given 
load and stroke. Several examples are 
included. 


“Selecting Springs from Stock Lengths,’ Ray 
mond D. Bohannon, Kingsbury Machine Tool 
Corp; Tool Engineer, Jan ‘60, 10700 Puritan 
Ave, Detroit 38 


+ 
Developing Cam Charts 


Well-balanced cam 
essential to the proper performance of 


systems ire 
four-slides, screw machines and most 
automatic machinery Optimum cam 
systems can be designed using a 
graphical method described by th 
author. 


“Developing Cam System Charts for Optimum 
Performance” by Werner Vogt, Torrington Mfg 
Co. Tool Engineer, March 1960, 10700 Puritan 
Ave, Detroit, Michigan 


* 


Parameters for Compression- 
spring Design 
Presents a system of parameters to 
enable the engineer to portray graphi 
cally the complex variables involved 
in the design of springs for specific 
Deriva 
tions are based on number of coils as 
well as OD, which 


accurately defining the entire space re 


sets of operating conditions 
is represented as 


Charts are in 
71 


quired for the spring 
cluded for springs with two dead 
and a torsion modulus of 11,500,000 
psi. 


“Dimensionless Parameters for Helical Com 
pression Springs,” R. J. Erisman, International 
Harvester Co; ASME paper 59-A-30. ASME, 
29 W 39th St, New York 18 


* 


Damping for 
Vibration Control 
The use of 


vibration is discussed, particularly in 


system damping of 
reference to hysteretic damping within 


structural materials and _ structural 
damping associated with interface slip 
(Coulomb friction) and shear strain 
in an adverse layer at an interfac« 
These mechanisms are analyzed and 
the possibilities of using them in con- 
trolling vibration discussed 


“Material and Structural Damping for Vibra 
tion Control,” B. J. Lazan, University of Minne 
sota. Society of Automotive Engineers poper 
100U, 485 Lexington Ave, New York 17 
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ASMI Pap I 


From | 


DESIGN CURVES 
for JOURNAL BEARINGS 


Design curves for full journal bearings of finite length illustrate the variation of minimum 


film height with load variable, and the variation of the coefficient friction with the Som- 


merfeld number. 


DONALD F. HAYS 
Research Laboratories 
General Motors Corporation 


I the design of journal bearings, it 
is important to be able to tie together 
the relationships existing between the 
operational geometry of the bearing 
ind such parameters as load, speed, 
length-to-diameter ratio, 
ind clearance Until 
relationships were difficult to 


viscosity, 
ratio recently 
these 
iscertain because of the difficulties in 
obtaining a solution to Re 


equation for the finite bearing 


nolds’ 
Either 
the assumption of an infinitely long 
bearing was accepted, or a_ bearing 
which was extremely narrow was pos- 
tulated and the results obtained were 
used with considerable reservation 
when outside of the limited range of 
L/D ratios 
a finite bearing can be an- 


its characteristics. The 


There is now a technique 
whereby 
ilyzed for all 


Symbols 


radial clearance, in 
bearing diameter, in. 
bearing lenth, in 
load variable 
= |[Y/(uRN)] (C/R)? 
speed, RPM 
average pressure = W 
= bearing radius, in 
= Sommerfeld Number 
pN/P) (R/C)? 
load, lb 
= load per unit length = W/L 
' = coefficient of friction 
minimum oil film height, in 
= eccentricity ratio 
= viscosity, Reyns 


design curves presented here apply to 
journal bearings of finite length with 
a continuous oil film. The lubricant is 
assumed to be incompressible and the 


Reynolds Number small 


Examples 


The following examples help illus 
trate the 
may be used. The examples are given 
with the 
reflect 


ways in which these curves 


to familiarize the user 


intended to 


only 
curves and not 
actual bearing problems. 

1—Known: Physical 
bearing, viscosity 
mum film height at which the bear 
Required: Total 
bearing load that could be sustained 


geometry of 


of lubricant, mini 


ing should operate 


and power loss due to viscous shear 


#3 0.001 in 
ue 2X 1Q0- 
hh», = 0.0001 in 


reyns 


Cherefore 


h»/C = 0.0001/0.001 = 0.1 
From the intersection of the 
in Fig. 1B for L/D 
for h,,/C G.1, 
tain a 
variable. 


Curve 
0.3 and the line 
read down and ob 


value of 0.42 for the load 


Thus 


[Y/(uRN)] (C/R)? 
Y (0.001) 
[(2 10-*) (1) (1000)} 


Vv he nce 
) 840 Ib /in 


v YL=Y(L/D)(2R 840) (0.3) (2) 
504 Ib (4 
In order to find the power loss, th 
Sommerfeld number must be known 
lhis can be found by computing th« 
“Svmbols yr it 


may be found from the following re 


ratio shown in the 


lation hip, 


Load variable Sommerfeld number) 


2.0 

Thus 
S 2/0.42 4.77 (6) 
intersection of the curve 
L/D 0.3 with the 
4.77, the coefhcient-of 
found to be 4.0 


of friction 


From the 
in Fig. 2A for 
line for S 
friction variable is 
(hus the coefficient 
be determined as shown 


Call 


f 1(C/R 4(0.001 0.004 7 


ind the power loss is computed to be 


RNSW 8 
1000) (0.004 ) (504 


HP 1.587 x 10 
1.587 x 10-*)(1) 

HP =0.032 
2—A bearing of specified dimen- 
sions is known to be operating at a 
certain value of the load variable. If 
the bearing load should be altered, 
the effect upon the 
ratio 


what would be 


minimum film and upon the 


power consumption? Consider a 
bearing with L/D 0.3 and operat 
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1. . Minimum film height variation with load variable. 








1.0 ! 
. me a 7" QO 2 amps 
0.8 + 
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Minimum Film Ratio, 
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oO 
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Load Variable, ae (£) 
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Minimum Film Ratio, 
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ing with a load-variable value of 0.5 2. Variation of friction with Sommerfeld Number 
From the intersection of the curve 
for L/D 0.3 and the vertical line 
for a load variable of 0.5, the mini 





mum film ratio is found to be 0.087 
If the bearing load is doubled while 
holding the bearing dimensions fixed 
then the load variable becomes 1.0 
ind the value of the minimum film 
ratio is found to be 0.047. Therefore 
the percentage decrease in minimum 
film height for this bearing resulting 


from doubling the load is 


(0% per ) 
M- 100 
0.087 


15.98°, decreas 9 


¢() 


on variable, 


rict 
18 


When operating at a load variabl 

f 0.5, the Sommerfeld number is 
S 2/0.5 4.0 10 
Che intersection of the line of con 
stant S 4.0 and the curve for L/D 
0.3 yields a value for the coefh 


Coefficient of f 


cient of friction variable of 3.6 and 
f, 3.6 (C/R 1] 
When the load variable is 1.0, the 


Sommerfeld number is 








S 2/1.0 2.0 12 





and the coefficient of friction is 


f 2.65 (C/R 13 


Since », R, and N remain constant, 


HP, /HP, =(f:W1)/(fW2) 14 
=3.6W,/{2.65(2W,)] =0.68 





(herefore, the percentage increase in 
(power requirement caused by 
doubling the load on the bearing is 

(0.68 — 1.0) /0.68] 100 = 47.0 per cent (15 
Caution: These curves are for full 
journal bearings with a continuous 
oil film. The curves, therefore, should 
not be expected to represent the 
characteristics of a bearing under 
conditions of cavitation where only a 
small bearing arc carries the load. 


2 Gn Gn OA OA GA eo 


A heat balance should also be de 
termined for each bearing that will 
show whether there is sufficient oil 


+ 


= 


flow to carry away the heat being 


Coefficient ¢ 


generated. Curves of leakage rates can 





be found in the literature dealing with 





bearing design and application. 








REFERENCI 


Design Curves for Journal Bearings | 


Vv 


+++} 4 4 1 i) 


Donald F. Hays, Research Laboratories, 








General Motors Corporation, Warren, 
Michigan. Presented at the 1959 Design 
Engineering Conference, Philadelphia, 


Paper No. 59-MD-11. 
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From: SAE Paper 


NEW CONCEPTS ON... 
SAFETY FACTORS 


4 methods for different types of loading that allow truer safety factors 


to be calculated. 


CHARLES LIPSON 
Professor, Mechanical Engineering 
University of Michigan 


Phe true meaning of a factor of safety can best be ex- 
pressed in the form 
significant strength 


Factor of safety = 
significant stress 


The significant strength is the actual strength which a 
member possesses under the actual operating conditions. 
It is often referred to as the allowable stress and it is deter- 
mined by correcting the ultimate strength for the type of 
loading, size effect, surface finish, life expectancy, mode of 
loading, etc. 

The significant stress is the actual stress existing in a 
member under the actual operating conditions and it is 
determined by multiplying nominal stresses, corresponding 
to the actual operating loads, by a stress concentration 
factor. 

The decision as to whether a given safety factor is ade- 
quate must be determined for each design, since each mem- 
ber is essentially an individual problem. Consequently, the 
safety factor must be based on judgment and experience, 
with the consideration of such factors as the consequence 
of failure and economical production. When the unknown 
factors affecting the significant stress and significant 
strength can be reduced to a minimum, a safety factor as 
low as 1.3 represents adequate insurance against failure. At 
the other extreme, if the factors affecting significant stress 
and significant strength are not too well defined, a safety 
factor of 2 should be applied. 

Since these safety factors are arrived at through the con- 
sideration of the principal variables affecting the stress and 
strength of a member, it is not necessary to assign to them 
the high values associated with the conventional factors of 


safety. 


Determining Safety Factors 


Although a safety factor is determined from the con- 
sideration of both the stress and the strength analysis, the 
manner in which these two analyses are compared, how- 
ever, depends upon the pattern of loading and the resulting 
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Mox stress 


‘onventional method of determining fact 


stresses. Four different patterns of stress are 
here and the method of determining the factor of s 
each is indicated. 

Conventionally, factor of safety is determined 
structing the Goodman diagram to represent the strength 
of the member. The various stress components (¢ og 
Tmin, Frar,) are superimposed upon the strength diagram 
and the safety factor is determined. For example, l'ig. |! 
illustrates the Goodman diagram which represents th 
strength of some members, determined for the actual 


service conditions involved. It also illustrates the stress to 
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TABLE—Factors of Safety for Compressors 


ANALYSIS 


Head Bolts 





Bolt size, : a —_ 
in. (psi) (psi) 


x 





Factors of Safety 
Based on Based on 
excessive tightening excessive gas 


torque pressure 








which the part 1s subjected. ‘The mean stress plotted on 
the Goodman diagram, defines point A. The variable 
component of stress defines points B and C, Thus the 
stress fluctuates between B and C. At this particular mean 
stress the fluctuating stress could reach a magnitude of AD 
before failure would occur. Thus, the factor of safety for 
this case equals the allowable stress range DE divided by 
the actual stress range BC 

This procedure, however, although valid for this par 
ticular case, may not be applicable to other fluctuating 
loadings. Therefore, in the following four methods of 
determining factors of safety, each depends upon the 


physical significance of the stresses involved. 
i—Preload stress is constant, fluctuating stress varies, 
additive to preload 


It is easiest to approach this condition if the special 
condition of no preload (zero minimum stress) is con 


Mox stress 


SD 


Mean stress 


load. 
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Preload stress zero, fluctuating stress varies, additive to pre- 


illustrates the stress pattern for 
| 


fluctuate 


sidered initially. Fig 
this type of loading where the external stress 
from zero to a maximum and then back to zero 

In Fig. 2, the mean stress is plotted on the Goodman 
diagram and it defines point A,. The maximum stress 1s 
point B, and the minimum stress C, since the preload is 
zero giving a zero minimum stress. When the values of 
mean and maximum stress are plotted for different external 
load: fluctuations, points A,, B,, C, and Ay, B,, C, are deter 
mined. The mean stress points A,, As, A, all lie along the 
steady stress line NO having a slope of 1, and the maxi 
mum stress points B,, B,, B, all lie on a line OB of slope 
since the maximum stress is twice the mean stress for this 
case. The maximum stress line OB intersects the maxi 
mum strength line LN at point B, thus defining the maxi 
mum allowable stress. The factor of safety is thus the 
maximum allowable stress range BC divided by the actual 
stress range B,C,, B,C,, or B,C, 


Ne wi 
aN Ye 
, fe 


J 


/ 


/ 
/ 
/ 
id 
Preload stress constant, fluctuating stress varie 


preload, 
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[his tvpe of loading can now be extended to the general 
case where the preload is not zero. The resulting stress 
pattern 18 


hown in Fig. 3 where the minimum stress C 1s 


constant corresponding to the preload. Plotting the stress 
values on the Goodman diagram, the minimum stress 
ilong a horizontal line C,C,C, parallel to the 

lhe mean stress values A,, Ac, Ay, will all lie on 

ss line NO and the maximum stress points 

will lie on the line KB of slope 2, having its 

origin K at the intersection of the minimum and steady 
stress lines, KC and NO respectively. Thus the factor of 
safety can be expressed as the allowable stress range BC 


divided by the actual stress range B,C,, B,C,, B,C 


“max 


= 
Wh 
y 


mstant = mean stress 
bl 


aries, completely 


li—Preload stress is constant, fluctuating stress varies, 
completely reversed about preload axis 


If a member has a constant preload and a fluctuating 
external load which both adds and subtracts from the pre 
load, a stress pattern is set up as shown in Fig. 4. If the 
magnitude of the external load is changed, the o,,,. and 
min Will also change but the o..., will remain constant 

If the stresses are plotted on the Goodman diagram 
lig. +), the mean stress will be represented by A on the 
steady stress line. The points B, and C, then correspond 
to the on... and o,, respectively. Thus, the values of 
minimum and maximum stress lie on a vertical line BD 
whose location is determined by the value of the con- 
stant mean stress. ‘The maximum allowable stress range 
will be determined from the intersection of this vertical 
line with the lines LN and MN. The factor of safety is 
then the allowable stress range BC divided by the actual 


stress range B,C,, B,C,, or B,C,. 
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ili—Preload stress is constant, fluctuating stress varies, 
subtractive from preload 


If a member is subjected to a constant preload and 
fluctuating external load which opposes the preload, the 
pattern of stresses will be as illustrated in Fig. 5. The 
maximum stress will remain constant while the o and 
min Doth will change 

When the stresses are plotted on the Goodman dia 
gram, the maximum stress B will always lie on a horizonta 


line BK parallel to the abscissa since « is being held 


constant. The mean stress A,, Ay, A, will lie on the steady 
stress line NO while the minimum stress C,, C,, C, will 
determine the line CK of slope (-2 Factor of safety 
is thus the allowable stress range BC divided by the actual 


stress range B,C,, B,C,, or B,C 
IV—Preload stress varies, fluctuating stress is constant 


If loading conditions were imposed that allowed the 
mean stress to be changed but which caused the externa 
fluctuating load range to remain constant, a stress pattern 
would be set up as shown in Fig. 6 

When the values of stress are plotted on the Goodman 
diagram, the lines B,B,B, and C,C,C, are parallel to the 
steadv stress line NO because the stress range is being 
held constant. The intersection of the constant stress 
range lines PB and OC with the maximum and minimum 
strength lines LN and MN at B and C respectively deter 
mines the maximum allowable mean stress AD. ‘The 
safety factor is thus the allowable mean stress AD divided 
by the actual mean stress A,D,, A,D., A,D 


APPLICATION TO COMPRESSOR BOLT DESIGN 


hese concepts can be effectively applied to a variety of 
engineering problems, as illustrated by a problem that 
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PRELOAD STRESS varies, fluctuating 


involved designing bolts to seal the head of a reciprocating 
compressor having a bore of 10.5 in. ‘The pressure in the 
cylinder varied from 0 to 200 psi 

Initial analysis indicated that six bolts were necessar\ 
for adequate sealing. The problem then resolved itself to 
the determination of bolt siz« 

The stresses were determined from the conventional 
relationships where C 


tightening load 
external load due to gas pressur‘ 
total load acting on the bolt 
stresses resulting from the above 
‘ stress area of the bolt 
AK elastic constant of the bolt 
kK elastic constant of the mated members 
l'able I gives the stresses in the bolt for three bolt sizes 
4-in., *s-in. and @-in. dia. The stresses for the 4-in.-dia 
bolt, in turn, are plotted on the Goodman diagram, as 
shown in Fig, 7, from which factors of safety can be deter- 
mined. In determining these factors two cases must be 
considered 
1—Where the tightening load can be taken as con 


; + 


stant and the only consideration is that the design must be 


guarded against increases in gas pressure, with a resultant 
failure of the bolt. 
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Stress line 
for vorioble 
preload with 
constant gos 
pressure /ood 


GOODMAN DIAGRAM 


Where the g pI ure can be ccepted as 
ibly constant and the design must be guarded 
overtorquing the bolt, with the resultant bolt failure 

Obviously the d 


both eventualities. The first belongs to the categ 


ign must be strong enough to 


Case I, since the preload (tightening torque) is constant, 


and the fluctuating str gas pressure) varies, being addi 
tive to the preload. The second is illustrated by Case IV, 
ince the preload (tightening torque) varies and thé 
fluctuating stress (ga pressure is constant. A 
two factors of safety are determined, as shown 


and ‘Table I. Where the gas pressure is constant an 


tightening torque varies the limiting stress in Fig 


taken as the vield point of the material (S, in ‘Tabl 


I 
conform to general engineering practic 
Of the two factors of safety determined above, the on¢ 
governed by possible excessive tightening is smaller, ‘Table 
I, than the one from possible excessive gas pressurc 
Iherefore, the design of this fastening is governed by 
avoidance of overtorquing 
Ihis factor of safety for the 4-in.-dia bolt, as deter 
mined from Fig. 7 is | 


i failure-free operation. ‘Th 


and therefore not sufhcient for 
in.-dia bolt gives factor of 


safety of 1.65, which appears adequate. For critical ipplica 


tions it might be necessary to go to § in. dia (factor of 
afety of 2.08 though this may lead to possible over 


design if the requirements are less stringent 
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ASME paper 


WHICH BEARING and why? 


ARNOLD O. DeHART 
Research Engineer 
Research Laboratories 
General Motors Corp 


The machine designer is faced by a formidable and 
seemingly endless array of bearing types from which to 
make a selection that he hopes will do the job in a finished 
machine. Most of the time, the selection is made the easy 
way—by choosing from the particular catalogs which 
happen to be handy in his files. Following this course, 
he may or may not make the best choice; in any rational 
design all factors should be weighed before the final 
selection is made. Rather than competing, each bearing 
has its own particular advantages and disadvantages and 
the selection will often be a compromis¢ 


In order to help the designer in this dilemma, a surve' 
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A Deep groove 









































.. 
D Double row, F Thrust 


angular contac? 


E Self alignirig 


1. BALL BEARINGS with st: ard deep groove \) are most ver 
atile. Extra balls (B ! i oad capacity at expense o 
{ performance and thrust-load capacity. Good thrust- and 


high-spee 


lial-load performance is giv by angular contact design (C). 
Most high-speed and precision spindles use axially preloaded pairs 
of these bearings, but the double-row type (D) is simpler to use 
preload is built-in at factory. Self-aligning design (E) tolerates 
much misalignment of housing an shaft but load capacity ~ 
reduced due to the high contact stresses result from the large 
difference in curvature between the balls and the outer race. The 
thrust ball bearing, (F), is adaptable to large thrust loads that 
have almost no radial component Very large sizes of this bearing 


are used in gun turrets and large earth moving machinery. 
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of the pertinent selection factors is given in Table | 
This table should help to determine “which’’ bearing 
An examination of the construction and some of the 
operation features of the bearings should determine the 
“why”. 


ROLLING-CONTACT BEARINGS 


The term “rolling contact’ or “rolling element 
more descriptive than the popular term 
bearing. True, the starting friction of rolling-co1 


ings may be considerably less than the usual hydrod\ 
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A Cylindrical B Cylindrical- C Borrei- 


one directional location self aligning 
































D Spherical- E Tapered 


thrust 


2. ROLLER BEARINGS can 

ngs but are not as versatile 

ing (A) takes only radial 

shaft. Shoulders B) let bearing withstand 
Sperical bearing (C) is self-aligning without 

It is best for low-speed use. Barrel-shaped 

(D) takes large loads with reasonable mis-alig: 
sizes are large. Tapered type (—E usually mount 
available in a full range of sizes. Needle bea 
space than a standard roller bearing, and whe 
needles can be run directly between a hardened 
Skewing may be a problem at high peeds, whe 
used with some loss of load capacity 
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Bearings, % 


3. VARIATION OF FATIGUE LIFE OF BALL BEARINGS. 

















ENVY 


4. EXPERIMENTAL FRICTION-TORQUE CURVES for a bal! bear 
ng These curves differ greatly from those given by the usua 


formulas. It was observed that changing the bearing geometr 
method of lubrication, or separator design can affect the fr 
markedly The abrupt drop in torque as the speed 

probably caused by the building up of a hydrodynami« 


1 between the rolling elements and the ra 


type bearing; but running friction of these two types is 
often comparable—the relative values being dependent 
upon the design and application. And, of course, exte1 
nally pressurized bearings can be made such that the fric 
tion approaches zero as the relative velocity approaches 
zero. Rolling-contact bearings certainly reduce friction, 
but they merit the term “antifriction” no more than many 
other types. Two main types of rolling-contact bearing, 


ball and roller, are discussed in Figs. 1 and 2. 


Bearing Life 
The life of rolling-contact bearings is usually limited by 


fatigue I'he actual load-carrying area of the rolling 


elements is small so that the unit pressures are high. For 
example, the contact area between a 3-in.-dia ball and a 
flat plate may be calculated to be only about 0.00015 sq 
in. when the force pushing them together is 22 Ib. Under 
these conditions, the maximum calculated compressive 
stress is 200,000 psi. 

What death and taxes are to man, fatigue is to rolling- 
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SYMBOLS 
area, 8q in 
effective area, sq in. 
width of flow path, in. 
radial clearance, in 
eccentricity, in 
friction force, lb 
coefficient of sliding friction 
film thickness, in 
length, in direction of flow, in 
supply pressure, psi 
pressure, psi 
velocity, in per sec 
force, lb 
eccentricity ratio 
coefficient of absolute viscosity, lb-sec 
sq in 











ontact bearings. If a large group of bearings are run 
until failure and the distribution function of their lives 
plotted, the curve looks somewhat like Fig. 3. When a 
bearing is installed in a machine, no one knows where 
on the curve it lies—the possibility of an early failure is 
most disturbing. Bearing manufacturers are greatly con 
cerned about early failures and have done considerable 
work to reduce them 

Rolling-contact-bearing load ratings are determined 
statistically with actual fatigue tests of a large number 
of bearings. Some bearing manufacturers give 
bearing life, which is known as “B-50” life, while 
use a figure called “B-10” life The B-10 life rating i 
the life that 90 per cent of the bearings can be expected 
to exceed at the indicated load. The loads for bearing 


life expectancy are listed by the manufacturers. ‘They also 
give formulas for the calculation of life expectancies at 
load and speeds other than those which are listed. The 
manufacturers give much valuable information in their 
catalogs on proper bearing application and installation. A 
customer should read and follow the information pub- 
lished there. One manufacturer found that over 95 

of all ball-bearing troubles were the result of defective 
mounting, improper operating conditions, and similar 
causes that could be detected by visual inspection of the 
bearing. The manufacturers’ recommendations should 
not be taken lightly; they spend much time, money, and 


effort in accumulating the experience on which tl 


1¢ catalog 
information is based 
I'here is one subject, however, on which little informa 
tion is available—bearing friction Don’t overlook the 
data in Fig. 4. 
Advantages of rolling-contact bearings are that they: 
Maintain accuracy. 
Are relatively insensitive to oil-flow interruption. 
Are insensitive to momentary overloads. 
Have low friction torque under moderate load. 
Can be used without external oil system. 
Disadvantages are that they: 
Are large. 
Have low tolerance to dirt and abuse. 
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S. LUBRICATED AND NONLUBRICATED SLIDING. 


Have high noise and vibration levels 

Have unpredictable life (of a single bearing 

Have low tolerance to large dvnamic loads. 

Are expensive. 
Relative ratings based upon specific performance require- 
This table will help the 
Obviously, the 


ments are given in Table | 
designer in selecting “which” bearing 
large number of special type bearings precludes rating 
none but the more standard types, and it must be remem 
bered that for a special application there may be bearings 


of specific design that circumvents the disadvantages of 


the standard designs 


FLUID-FILM BEARINGS 


Fluid-film bearings—known variously as plain bearings, 
journal bearings, sleeve bearings, sliding bearings, etc.— 
ire the most used and least understood of the bearing 
types. Viscous fluid friction is substituted for the rolling 
friction of the rolling-contact bearings or the sliding 
friction of non-lubricated bearings, Fig. 5. With a fully 
developed fluid film there is no contact between the parts 
that have relative motion; it follows that there can be no 
wear or sliding daraage to the surfaces. With a Newtonian 
fluid, the friction force is given by 


F uw (AV/h 
With drv friction, the force is a function of only the 
applied load and the coefficient of sliding friction 
F AL 

Critical examination of these formulas shows that, con 
trary to popular conception, fluid-film friction can be 
higher, equal to, or less than dry sliding friction 

Che load-carrying capacity of a hvdrodynamic bearing 
is the integral over the effective bearing area of the fluid 
pressure acting to support the applied load. This pressure 
that acts to support the load can be generated within the 
bearing or can be supplied externally. 


Self-pressurized Bearings 


When the bearing generates its own load-carrying pres- 
sure, the methods of generation can be divided roughly 
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6. FULL JOURNAL BEARING, (A) often with an oi! groove, is by 
far the most universally used bearing—today as much as in the 
day of the Roman chariots. Very high loads can be tolerated, and 
the bearing operates over a wide range of radial loads and speeds 
When the load is nearly unidirectional and the speed is not high 
the partial journal bearing (B) can be used. Both the full and the 
partial journal bearing are unstable at high speeds and light loads 
Several designs have improved stability. In the order of increasing 
stability the bearings are axial! slotted (C), elliptical (D), three- 
lobe (E), and pivoted-shoe bearing (F) 


7. JOURNAL -BEARING OPERATION. 
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8. TYPICAL THRUST-BEARING CONFIGURATIONS. 
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—— One complete load cycle 


' 


®. ECCENTRICITY RATIO of journal bearing with sinusoidal! load- 


ng and no rotation. 


as follows into two general classes: Geometry induced, load 
induced. 

Geometry Induced. The most commonly used hydro- 
dynamic bearing is the type in which fluid-film pressure 
is induced by the effect of geometry. In the journal bear- 
ing, the rotating shaft is slightly smaller than the bearings 
and the load causes it to move off center. This move 
ment causes a converging section to be formed; which, 
owing to the viscous drag of the lubricant, induces a high- 
pressure region that supports the load. Journal bearings 
ire generally not “off-the-shelf” items, so there is a wide 
variety of shapes and designs (probably as many as there 
ire peopl who have designed bearings \ few of the 
many possible journal-bearing configurations are shown 
in Fig. 6 
vlindrical journal bearing 
is at rest, the 
ipplied load causes the journal to rest on the bearing sur- 
face. When rotation of the journal starts, it first rolls 


on and then slides against the bearing with onlv boundary 


I'he operation of a simpl 
shown in Fig. 7. When the bearing 


lubrication. Some bearings operate in this manner in 


} 


service but they require special additives that form tena 
cious surface fil 
If possible 


s driven faster, enough oil may be forced into the converg- 


ms and prevent excessive wear and damage 


such operation is to be avoided. As the journal 


ng wedge formed by the clearance of the bearing to lift 
Normal hvdro- 


dynamic operation with unidirectional loading now occurs 


the journal from the bearing surface 


Obviously, one of the most critical operating conditions 
is encountered during start. This is when the bearing 
wears and scores. Not only must the bearing material 
be selected to prevent scoring and galling, but attention 
must also be given to its fatigue resistance, corrosion resist 
ince, and embedability. The selection of a bearing material 
is often a compromise 

In any complete bearing design, a heat balance must 
be made to determine whether the temperature rise is 
excessive. Practically any fluid may be (and probably has 
been) used for lubrication. ‘The major requirement in a 
hvdrodynamic bearing is that the fluid have sufficient 
viscosity to support the load. Gases, of course, have some 
viscosity 

At the moment, there is a great deal of interest in gas- 
lubricated bearings. ‘Their main advantages are that the 
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EXTERNALLY PRESSURIZED LOAD-LIFT BEARINGS. 


lubricant systems < be simplet 


tures do not harm the lubricant 
viscosity, gas load-carrving « ipacit 
ire smaller than for liquid lubricants 
geometry must be very good in order 
operation 

This also ipplies 
lubricated bearings 
geometry. Quite ofte1 
round as desired 
in highly loaded journal 
roundness of only 50 mict 
by a factor of 10 

Che converging geometri 
the load-carrving pressure in jour 
difhcult to obtain for thrust bearing 
different thrust-bearing geometries is used 
load-carrying fluid film. Fig. 8 shows 
figurations which are commonly used to pt 
dynamic load-carrving films. It should bi 
parallel thrust washers have no hydrodynam 
ing capacity and they rely on boundary | 
“thermal wedges” to support loads 

Load Induced. Bearings in th 
capacity by virtue of the manne 
ipplied. ““Load-induced”’ load-capacity 
if there is a reversal of the load direct 
Ing evel Che load-carrving capacit 
finite amount of time is required to squeeze the 


between the two closely fitted surfaces. Th 
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+ 


squeezed out rapidly when the clearance is large, bu 


is th journa 


ipproaches the bearing, the thinner clear 
retards the escaping of the fluid and the film 
Relative motion of a bearing and journal 

) Obviously, with good geometry and sur 
omes very high 


face finish, the load-carrving capacity be 


higher than for comparable unidirectionally loaded 


bearing 

While “load-induced” or dynamically loaded bearing 
can support extremely high loads, the bearing material 
is exposed to cyclic loading which may lead to fatiguc 
failure. Materials then must be selected which have suf 


ficient fatigue strength 


Externally Pressurized Bearings 


Ihe load-carrying ability of externally pressurized bea 
ings is not dependent upon either th character of th 
load or the geometry of the bearing; but rather on an 
external source of fluid under pressure This tvpe of 

has been limited to highly specialized application 
but is now finding its wav into everyday usage. Indeed 
the next great advance in precision tools may be mad 


with externally pressurized bearings hese bearings m 
take manv forms and their application is limited only bi 
imagination 

heir operation can be demonstrated by examination of 
A simple type of load lift is shown 


two common tvpes 
schematically in Fig. IOA 


Assume that the movabk 
plates cannot be tilted but can be displaced verticall 
Ihe product of the recess pressure p, and the effective 

A,, which is dependent upon the pressure distribution 


the entire pad, must be equal to the applied load if 


t 
the svstem is to be in static balance. A restriction in th 


supply line provides a pressure drop which is a function 
of the flow 
than th upph pressure When there is a pressure droy 


} 
the restrictor, there must be a flow from the bearing 


rate and permits the recess pressure to be low: 
i TOSS 
ind the loaded member is lifted from the bearing—th« 
umount of lift being proportional to the cube root of 
he flow rate. The motion of the loaded member is con 

o restrictors in series; the first being th 
restrictor in the line and the second being formed between 
the loaded member and the lands of the bearing. ‘The 
flow from the recess may be calculated as flow between 
parallel plates 

12h iu 

With a fixed supply pressure p,, the bearing perform 
like a spring; as the load is applied, the clearance h 
reduced to carry the increased load. The bearing is abl 


to 


] ] 
carry the greater load because the smaller clearance 


reduces the flow through the restrictor—the lower the flow 


the restrictor, the higher 


through becomes the reces 
pressure. This action will continue with further increas« 
in load until the member actually contacts the bearings 
lands and seals off the flow Ihe recess pressure then 
becomes equal to the suppl pressure ind the limit of 


ng capacity is reached 


An arrangement often used for journal bearings is shown 
1OB. Here, the pressure pads ire used on opposit 
he shaft and the resistance to radial motion of 


with load mav be mad y In on ipphi i 


svstem was igt n which 20]lb of radia 


be exerted to move a 2-in.-dia shaft 1 microin 
Small tubes or orifice 
hvdraulic 


ide a particular pressure drop at the flow required 


the bearing. With e low flow rates 


ire normally used to provide th 
restriction ‘hese restrictors are selected to 
encountered in 

se-clearance bearings, the restrictors become physicalh 
so small that plugging with dirt becomes a serious prob 
lem. For example, systems have been designed which us‘ 
0.004-in.-ID capillary tubing 
ing-restrictor systems which minimize the dirt-clogging 
problem. Most of these function as the variable-dam 


restrictor shown in Fig. 10 Here the flow restrictor 


There are, however, be iT 


is between the bearing and journal surfaces—opposite th 
pad which is being controlled. Another advantage is that 
the final restrictor design is not dependent upon the 
diameteral clearance in the: bearing. With conventional 
ipillarv or orifice-t pe restrictors, the calculations must 
include the design clearance and (for critical ipplication 
restrictors can be calculated only after the parts have been 
manufactured and measured 

Advantages that should make pressurized bearings App 
to machine designers ar¢ 

Clearance is maintained regardless of speed. Since 
ince is alwavs maintained while the bearings are in opera 
tion, they do not wear out and bearing material selection 
ceases to be a problem. Furthermore, the running center 
of a workpiece is maintained when the part is stopped for 
gaging 

At zero velocity there i ero friction. This relation 
ship makes externally pressurized bearings uniquely suited 
for use in measuring svstems and dvnamometers. ‘The na 
ture of the viscous friction of externally pressurized bear 
ings prevents “‘stick-s] ion often encountered 
machine wavs 

Ihe recessed areas red 
friction varies directly with the speed, but since 
the friction occurs in the land area this torque 1 
is the land area is reduced 

Highly stable and vibration free. These feature 
flected directly in the quality of the parts made on 
machine tool 

They are easily designed. ‘he performance characteris 
tics can be readily determined from relatively simple pub 
lished relationships. Manv design variables give designer 


great freedom in gaining the performance characteristi 


which thev desir 


externally pressurized bear 
ing arises from the fact that an external supply of high 


I'he main disadvantage of 


pressure fluid along with the usual pumps, 
sure regulators, and sumps must be furnished 
not commercially manufactured items so they mu 


| 1} 
designed to fit the particular installation 


REFERENCI 


Which Bearing T Hart, Seni 
Motors Cor 
) Design Eng 
59-MD-1 
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From: Company brochure 


MOMENT of INERTIA of cylinders 


The moment of inertia I of a body is by definition: that 


property of a body which for a given torque T determines 
Ia. This I must be in 


The relationship between REFERENCI 


0Z-1n-sec 
I, x G, so that I,, oz-in’ = I,, Inertia Conversion Nomograph 
Corporation, 215 East 91st Street, New York 2 


its angular acceleration a, or T 
Pub ISK 1 by Ree 


\ 


mass units of 
Twesene and I, is: I, 


OZ-1N-SEC 386 in. /sec’ 
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From: VDI-Zeitschrift 


DESIGN EQUATIONS 
FOR CURVED SPRINGS 


How spring force, deflection and stress can be calculated with greater accuracy. 

















CORRECTION FACTORS [fo 


curved springs 








JOACHIM PALM 
KLAUS THOMAS 
Munich, West Germany 


Curved springs are usually designed with equations based 


on the stretched length of the spring, disregarding curva 


ture influence. These equations are inaccurate he new 


method retains simplicity but gains accuracy by using 
] 


correction factor for curvature. ‘Test results agree closely 


with deflections as calculated by these formulas; for 


example, a type D spring (see table below) was calcu 


ited within 8% of its actual deflection and stress com 





Symbols 


Spring width, mm 

Spring diameter, mm 
Young’s modulus, kg/mm 
Spring displacement, mm 
Spring thickness, mm 
Moment of inertia, mm 
Correction Factor 


Moment arm, mm 


Spring force, kg 
tadius of curvature, mm 
Section modulus, mm 
Length of straight section at free end of 
spring, mm 
Length of straight section at fixed end of 
spring, mm 
Parameter for plotting K, degrees 
Angle of spring curvature, radians 
Moment arm, mm 
a Maximum bending stress, kg/mm 


For accurate results h/r for flat springs or D/r 
for round wire springs should be less than 0.6 











t Ul rO when formulas that ignore 


pared te ver | 


ire tabulated 
he 


curvature were used. Curved spring shapes 


below as five basic tvpes—complex spring shapes can 


computed by splitting them up into their basi hap 


Chis approach is illustrated in the examplk 


EXAMPLE: 


I 14,500 kg /mm 
55 kg/mm 
20 mm 
0.30 mm 
0.65 mm 
1.75 mm 
9.7 mm 
1.7 mm 
5.6 mn 


Find maximum ik naximum deflection 


constant ¢ 
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SPRING TYPE SPRING DEFLECTION 








3 
4KPr 44 
“ “SEI (m*+z) 


8 
Where @ += > for finding X 














SOLUTION: 


Split the spring into two systems. System I is type D; 
System II is type A. Spring force P = P P,, 


AS 
Substituting = 0.0027 mm‘ 


x 0.135 
Since w+ ff > uw +h 3 > » xX 10 


2.62 + 1.57 


1.34 mm 


Spring constant C F 0.101 kg/mm. 


P - — = 0.135 kg 
om I REFERENCI 


ott 9(F,+F,, : . . . — 
Deflection F =2 (Fi +F 11) Design Equations for Curved Springs by Joachim Paul and KI 


a Pe SPT yen ae Thomas, Munich, W. Germany. Published by VDI-Z 
3E!I sea ; she jin, 1959, No. 8, p 301-308. 


PRODUCT ENGINEERING — Mid-September, 1960 





MECHANICAL PARTS AND DESIGN ANALYSIS 


From: ASME paper 


designing products for 


AUTOMATIC 
ASSEMBLY 


7 important areas of design that 
lead to simpler and less costly 
automatic assembly. 


ROBERT L ESKEN 

Supervisor, Engineering and Sales Application 
Autometrology Section 

Sheffield Corporation 


Th. rise of automotive, appliance and other mass-produ 
tion industries brought about a switch from hand to auto 


matic assembly. ‘To adapt previously hand-assembled prod 


ucts to automatic assembly the designer adds features that 


id mechanical conveying, feeding, positioning and fitting 

Adding features adds costs, but the large-scale economi« 

of automatic assembly make the product cheaper in th 

|. Although automatic assembly is cheaper and faster 
does not suffer, but improves 

rs mav fear the loss of jobs because of automati 

Ass¢ mb! 


which reproduce man’s senses of sight ind touch 


but they receive a direct benefit 


irkers of dull, repetitive operations 


1 Part Handling 


Hand feeding rather than hoppers or magazines is u 


; ] : ’ 1 1 
ith extremely large parts. In hoppers or magazines lat 


lamage each other by jostling, and take up too mucl 


the supply isto last at least a half hour 


designer must guard workers against the monot 


eding. If the worker must think each tu 


1 part in the machine, he becomes tired, his « 
ind he can cause damage to the machin 
ike a protrusion or hole allow him to load by 


elv on his sense of touch and his subconsciou 


Other design details help the worker: 


Shaping the part 
it doesn’t tangle with others allows him to pick the 
Removin 


enables him to wear thin gloves or use bare hand 


— 


ut of the bin easily burrs and rounding 


y 


Magazines are both fast and safe. They are fast enough 


keep up with high-speed machines, and are safe b« 
p uy gis] 


use th in be hand-loaded well away from the machine 


Some parts are difficult to handle. It is 


omplete the last manufacturing step in the assembh 


often easier t 


machine than to handle the completely finished part. For 
example, wire for retaining rings is wound on a mandre 
that is loaded into the machine As the wire feeds off 
the mandrel, the assembly machine cuts it into individual 
rings 


(hin stampings such as leaf springs, contact arms 


258 





Be f~ OY PF ereK 


i SCHEMATIC of ll-bearing assembly machine that matches 
+ 


clearance between and pute ring with correct-size ba 


ra00w +0 
1500 | 495% 4 a 


ee 1 
Required OOOO/ min to 
QO0003 max clearance 





Before 


*n 
200° ° "Graded into 20 groups 
of 00002 eo 





After 


ADDITION OF SHIM-WASHER 


ele e fi 


the 


Hoppers give compl 

\ part must posit 
hopper Ihe engineer i 
weight distribution, lug so that it will take 


position he wants. Cylindrical parts position more 
stently if they have a length 25 or more longe 
than the diameter 
nly probabl not positive that the parts from a 
I] 


line up right. The machine must 


ravity feed hopper wi 
have a system built in to reject those parts that don’t lin 
up correcth 

With anv kind of mechanical feed or convevor removing 


urrs and rounding edges cuts machine down time caused 


by jammed parts 
2 Product Tolerances 


Tolerances icceptable for product performance and 


ippearance may not be icceptable for automatic assembly 
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Before 


3. .REDESIGN OF PLATE makes positioning easier. 


Outside dimensions that vary widely will not affect per- 
formance or appearance of a pushbutton. But when 
pushbuttons are automatically assembled to tuner shafts, 
they must be precisely aligned. Since alignment is made 
from the outer diameter of the pushbutton, the designer 
must tighten tolerances 


3 Selective Fitting 


When tolerances for the final assembly are close, selec- 
tive fitting allows less expensive, wider tolerances on in 
dividual parts Automatic gaging inspects A-parts and 
distributes them in racks or magazines according to size 
When the mating B-part enters the machine, it also is 
gaged. A size signal causes a proper size A-part to drop 
out of the racks for assembly 

Let’s see how this works with ball-bearings. In this case 
three parts—inner ring, outer ring and balls—have to fit 
with a minimum clearance of 0.0004 in. and a maximum 
clearance of 0.0008 in. It is dificult to hold ring tolerance 
less than +0.001 in. But ball size can be controlled to 
+0.000025 in., so twenty-one different sizes in steps 
of 0.000050 in. are made. Each size goes in a separate 
hopper. The first station in the assembly machine in- 
spects both inner and outer rings simultaneously to de- 
termine which of the twenty-one groups of balls gives a 
correct assembled clearance, Fig. | 

Some assemblies do not have a part which can be sized 
as closely as the balls. The engineer must change the 
design to provide one. The redesign of the yoke and clevis 
in Fig. 2 has an extra part, a washer, that is easily ma 
chined to close tolerances and allows yoke and clevis 
tolerances to be much greater. 


4 Positioning 


For positioning, a part must have an accurately dimen- 
sioned surface. Usually the designer specifies close toler- 
ances only for those surfaces involved in a fit. These are 
the surfaces that are most likely being assembled to, so 
they cannot be used for positioning at the same time. 

Fig. 3 illustrates such a problem. A flat, round wafer 
has three accurately machined holes that cannot help 
position the wafer, because three shafts fit into them. 
The solution: An additional knob and closer tolerances 
on the wafer’s outer diameter. Other common answers to 
such a problem are a notch, protrusion, locating holes, 
machined surfaces, tabs or ears. 

A different approach is to chamfer the shaft holes, 
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4. ALTERED RETAINING RINGS 


tangle during feeding. 


reducing necessary positioning accuracy and a 
chances of jamming 
Assembly machines must be able to detect the presen 
of parts at each station so that they will not try to assem! 
the rest of the parts at an empty station. Photoclectri 
cells are suited for detecting small, lightweight parts 
During assembly of one product, a small washer 
thin that light passed through it, had to be detected 
presence. By changing the washer from natural to a 


color, the designer adapted it for photoelectric dete 


5S Manufacture During Assembly 


Simple parts like shims, gaskets, washers and spring 
ire easy to make. By manufacturing parts like these right 
in the assembly machine, handling is eliminated. ‘This 
method is especially handy for springs, because they ar¢ 


so difficult to handle and feed automatically 


One example of this method is in the assembly 
diaphragm linkages for automobile distributors. Operatot 
load the machine with rolls of strip stock instead of fin 
ished diaphragms. ‘l'wo die stations punch out diaphragms 


from the strip stock. 


6 Fastening 


Rivets and staking fit automatic ass¢ 
they do not require any additional screws, nuts 
rings. Devices on the assembly machine for riveting 
staking are simple and easy to maintain, while those f 
feeding and driving screws are intricate. Snap rings and 
retaining rings work if designed to keep them from 
tangling. See Fig. 4. 


7 Finishes 


rumbling, vibrating or abrading during automatic feed- 
ing is hard on finishes, especially painted surfaces. If the 
part must be painted, and can’t be painted after assembly, 
use magazine or hand feeding. 


REFERENCE 


Designing Products for Automatic Assembly by Robert L. Es} 

Supervisor, Engineering and Sales Application, Autometrology 
Section, Sheffield, Corp, Subsidiary of Bendix Aviation Corp 
Dayton, Ohio. Paper presented at ASME Design Engineering 
Conference, New York City, May 1960. Paper No. 60-MD-12 
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CATALOGS 
and BULLETINS 


To obtain copies of literature described below, write 
prefix letter and number on reader service card. 


(F-1) Ball Bearing Units—Catalog, § 


Describes prelubricated ball bearing pa k 
units u h forms as sprocket and 
idler Aetna Ball & Roller Bearing 
46 W Schubert Ave, Chicago 3 

(F-2) Aluminum Bearings—Two bulletin 

/1 pp. Many 


design information and results of t 


urves, tables and chart 


Subjects include clearances, temperatut 
orrosion and others. Alum 
America, 1501 Alcoa Bldg 


expansion 
num Co of 


Pittsburgh 19 


(F-3) Powdered Metallurgy Products 
Catalog, 56 pp. Explains how to determin 
whether application is suitable for pow 
dered metal bearings, filters or other parts 
Lists stock  self-lubricating bearings 
Amplex Div, Chrysler Corp, 6501 Hat 


per, Detroit 31 


(F-4) Springs—Brochure, 8 pp. Provide 
curves, formulas and charts to aid in 
spring selection and design. Associated 


Spring Corp, Bristol, Conn 


(F-5) Strain Gages—Catalog, 24 pp. Lists 
specifications and prices for bonded wit 
and foil strain gages, instruments and a 
cessories. Also dimension drawings and 
criteria for making choice. Electronics & 
Instrumentation Div, Baldwin-Lima-Ham 
ilton Corp, 42 Fourth Ave, Waltham 
Mass 


(F-6) Spring Pins—Catalog, 10 pp. Dis 
usses adavantages, gives sizes and shear 
strengths for pins x2 to } in. OD. C E M 
Co, Inc, 24 School St, Danielson, Conn 


(F-7) Worm Gear Jacks—Brochure, 8 pp 
Provides dimensioned drawings, illustra 
tions of applications for jacks, mitre gear 
yoxes rated 2 to 100 tons. Duff-Norton 


Co, Box 1889, Pittsburgh 3 


Instrument Gears and Differentials 


128 pp. Presents tables of sp 
ms and dimensions of precision, fin 
worms and shaftins 


} 4 
Dynamic Gear Co, In 175 Dixon A 
Amityville, NY 


lutches 


(F-9) Pressure ‘Transducers—Catalog, 14 


pp. Provides discussion of subject in gen 
tral plus individual specifications for pre 

ire, differential pressure, force transducer 
f strain gage type. Dynisco, Inc, 42 
Carleton St, Cambridge, Mass 
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(F-10) Sleeve Bearings—Brochu 1S pp 


Gives materials properties, standard sizes 
Federal Mogul Di 


Detroit 13 


ind design guides 
11031 Shoemaker Ave, 


(F-11) Formed Bushings—Bro 

pp. Includes materials, sizes igt 
ind application Federal-Mog 
11031 Shoemaker Ave, Detroit 13 
(F-12) Thrust Washers—Broc! 
Discusses materials, standard 

sible shapes. Federal-Mogul 
Shoemaker Ave, Detroit 13 

(F-13) Spindles—Bulletin, 4 pp. Des 


cartridge type spindle assemblies 
750 in. diameter with five spindle nos¢ 
configurations. Russell T Gilman, Inc, 624 


Beech St, Grafton, W is 


(F-14) Dovetail Slides—Catalog, 24 pp 
Describes manual and cylinder or cam 
positioned slides up to 8 in. widths. Used 
for positioning, feeding or inspection 
Russell ,T Gilman, Inc, 624 Beech St, 
Grafton, Wis 


(F-15) O-rings—Handbook, 52 pp. Pre 
sents data on o-ring design, sizes, installa 
tion and recommended practice. Goshen 
Rubber St, Inc, 2090 South St, Goshen, 


Ind 


(F-16) Coiled Flat Springs—Brochure, 16 
pp. Describes spring form that gives con 
stant force, and illustrates uses. Hunter 


Spring Co, Lansdale, Pa 


(F-17) Bearings—Brochure, 8 pp. Illus 
trates facilities of company; range of bear 
ing and bushing line. Johnson Bronze Ce 
S Mill St, New Castle, Pa 


(F-18) Self-lubricating 
44 pp. Contains design data 


Bearings—Catalog 
omposition 
tables of dimensions for porous bronz¢ 
and porous iron bearings. Keystone Car 


m Co, 1935 State St, St Marys, Pa 


(F-19) Needle Bearings—Catalo 
Give dimensio ratings, lubri 
quirements for ged, uncag¢ 
guided, double row types, and cam fol 
lowers Includes engineering section for 
hoosing correct bearings McGill Mtg 


Co, Inc, Valparaiso, Ind 


(F-20) Vibration Pickups—Brochure, 4 pj 


Iwo miniaturized models cover frequen 


range from 8 to 2000 eps. Vibration meters 
also shown. MB Electronics, 781 Whalley 
Ave, New Haven, Conn 


(F-21) Disc Springs—Handbook, 44 pp 
Presents curves, tables, fromulae and de 
sign procedure for choosing correct spring 
Includes table with sizes and characteristics 
summarized. Karl A Neise, Inc, 404 
Fourth Ave, NYC 

(F-22) Roller Bearings—Catalog, 44 pp 
Shows construction, ratings, dimensions of 
roller, needle, thrust roller bearings, and 
am followers. Also tolerances and fits 
Orange Roller Bearing Co, Inc, 557 Main 
St, Orange, NJ 


Brakes—Brochur 


hydraulically actuatec 


Automotive 


or trucks, busses. Lining area 
in. Rockwell-Standard ¢ 
Ashtabula, Ohio 


(F-24) Gears—Catalog, 36 pp. Dis 


gear design and encloses tables and curve 
of design interest. Shows mannfacturing 


nethods and equipment 


and inspection july 
Sier-Bath Gear & Pump Co, 9211-A 


Hudson Blvd, N Bergen, NJ 


(F-25) Self-aligning and Rod End Bear 
ings—Catalog, 36 pp. Gives tables of di 
mensions and load ratings. Southwest 
Products Co, 1705 S Mountain Ave, Mon 


rovia, Cal 


(F-26) Pillow Blocks—Catalog, 40 pp 
Gives applications, dimensions of sleeve 
blocks which 


mount in several different ways 


Mfg Co, 


type, self-aligning pillow 
lriangk 


730 Division St, Oshkosh, Wis« 


(F-27) Vibration Isolators—Brochure 4 
pp. Gives sizes and performance curves 
for all-metal mounts. Load ratings go up 
to 35 pounds. Ucinite Co, Div of United 
Carr Fastener Corp, 459 Watertown St 
Newtonville, Mass 


(F-28) Bearing Balls—Bulletin, 4 pp. Pro 


25 to 
in. Also burnishing media and decorativ 


shapes. The Abbott Ball Co, Railroad Ave 
Hartford, Conn 


vides data on balls from 0.06 


(F-29) Springs—Bro hure, 40 pp. Furnishes 
formulas, tables and discussion to enablk 
designing with compression, extension 
and torsion coil springs. Accurate Spring 


Mfg Co, 3811 W Lake Ave, Chicago 44 


(F-30) Adjustable Bushings—Brochu: 
p. Provides sizes and design guid 


I 


bushing assembly with adjustabk 
thickness for use around bolts and 
bearing. Adjustable Bushing Co 


Vose St, N Hollywood, Cal 


(F-31) Metal 


Furnish resiliency 


O-rings—Catalog, 11 pp 
graphs, dimensional 


table uses and description of different 
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types. The Advanced Products Co, 59 
Broadway, North Haven, Conn 


(F-32) Filters—Catalog, 8 pp. Presents 
large and small air, oil and fuel filters, 
plus vents, spark arresters. Air-Maze Corp, 


25000 Miles Rd, Cleveland 28 


(F-33) Environmental Test Equipment 
Catalog, 12 pp. Describes apparatus for 
simulating conditions of altitude, tempera 
ture, humidity, sand and dust, rain, sun- 
shine and others. American Research Corp, 


Farmington, Conn 


(F-34) Airborne Tape Recorder—Brochure, 
12 pp. Data recorder transports at up to 
hoice of four different re 
Ampex Data Products 
Redwood City, Cal 


60 ips with 
ording techniques 
o, 934 Charter St 


) Wideband 


pp. Tape recorder range is 10 


Protection provided for low 


Tape Recording—Bro 


and high temperature environ 
Ampex Data Products Co, 934 


St, Redwood City, Cal 


Recorder—Brochure, 


magnetic tape recorder 


*.36) Data Tape 
12 pp. Analog 


reproducer operates at 


74 ips to 60 ips 
Direct, fm and pdm recording available 
Ampex Data Products Co, 934 Charter 


ot, Redwood City, Cal 


*.37) Environmental 
Outlines 


acceleration 


l'esting—Brochure, 
facilities available includ 
shock, vibration, noise 
equipment Associated 
Clinton Rd, 


plus environmental 
(esting Laboratories, Inc, 


Caldwell, NJ 


(F-38) Environmental ‘Test Chambers 
Bulletin, 16 


simulating 


pp. Describes machines for 


te mper iture, pressure, noise, 


shock, vibration, other conditions. Asso 
itated ‘Testing Laboratories, Inc, Clin 


ton Rd, Caldwell, NJ 


(F-39) Instruments—Catalog, 24 pp. Gives 
specifications for imstruments and acces- 
sories for measuring sound, vibration and 
recording 


3044 W 


Strain. Some instruments of 
type. B & K Instruments Inc, 
106 St, Cleveland 


(F-40) Mechanical 
14 pp 


and instrument drive cables, clutches and 


Instruments—Catalog, 
Describes tachometers, counters 


gear boxes. Barbour Stockwell Instruments, 
80 Cambridge St, Worcester 3, Mass 


(F-41) Ball Bearings—Bulletin, 4 pp 
Shows materials, dimensions, performance 
of high speed bearings with phenolic and 
aluminum retainer. Bore sizes to over 1.7 
in. The Barden Corp, 212 Park Ave, Dan- 
bury, Conn 


(F-42) Chart Drives—Bulletin, 10 pp. Pro 
vides application details for use of multiple 
speed chart drives with several makes of 
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chart recorders. Insco Co, Div of Barry 
Controls Inc, Hollis St, Groton, Mass 


(F-43) Instrument Speed Reducer—Cata 
log, 7 pp. Provides specifications, dimen 
sions and applications of eight and ten 
ratio step function speed reducers. Insco 
Co, Div of Barry Controls inc, Hollis 
St, Groton, Mass. 


(F-44) Levers and Mechanical Control 
Units—Brochure, 13 pp. Illustrates and 
dimensions stock and special drop forged 
and fabricated products. Batavia Metal 
Products Corp, Box 339, Batavia, NY. 


(F-45) Ball Bearings—Catalog, 102 pp. 
Subjects discussed include bearing load 
determination, lubrication, shields and 
seals. Tables, graphs and text describe 
radial, angular contact, thrust and other 
type bearings. Bearings Co of America, 
13836 Puritan, Detroit 27 


(F-46) Laboratory 
12 pp. Describes such 
spectrophotometers, gas chromatographs, 
oxygen analyzers, pH meters. Scientific & 
Process Instruments Div, Beckman In 
struments, Inc, 2500 Fullerton Rd, Fuller 


ton, Cal. 


Equipment—Catalog, 
instruments as 


(F-47) Roller Bearings—Catalog, 30 pp 
Provides dimensions, ratings and selection 
data for bearings. Bearings come in size 
range to fit over shafts from % to 2% in 


Berliss Bearing Co, 644 W Mt 
Ave, Livingston, NJ 


diameter 


Pleasant 


Bodies—Two 


Truck 


Describes system with 


(F-48) Removable 
bulletins, 18 pp 
truck mounted hoist which loads and un 
loads detachable containers. Ingersoll 


Kalamazoo Div, Borg-Warner Corp, 760 
E Vine St, Kalamazoo, Mich. 


(F-49) Porous Bronze Bearings—Brochure, 
19 pp. Furnishes lists of bearing sizes plus 
load curves, machining instructions and 
physical properties of oil retaining bear 
ings. Bound Brook Oil-Less Bearing Co, 
Bound Brook, NJ 


(F-50) Instruments—Brochure, 8 pp. Ex 
plains construction, specifications of pres 
sure or angular position transducers, ac 
celerometers, linear potentiometers. 
Bourns, Inc, Instrument Div, 6135 Mag 
nolia Ave, Riverside, Cal. 


(F-51) Slip Ring Assemblies—Catalog, 26 
pp. Describes standard and custom assem 
blies for instrumentation, rotating an 
tennas, switching. Breeze Corporations, 


Inc, 700 Liberty Ave, Union, NJ 


(F-52) Thermocouples—Bulletin, 4 pp 
Describes sizes, materials and configura 
tions for different Thermo- 
couples are insulated with ceramics and 
sheathed in metal. The Bristol Co, Wa 
terbury 20, Conn. 


purp¢ SCS 
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(F-53) Bearing Units—Catalog, 18 pp 
Contains load ratings and specifications 
for pillow blocks, flange blocks and take-up 
units. Browning Mfg Co, Maysville, Ky 


(F-54) Machine Mounts—Brochure, 4 pp 
Describes mounts for levelling and for re 
ducing vibration. Gives dimensions and 
load capacities. Bushings, Inc, 4358 
Coolidge Hwy, Royal Oak, Mich 


(F-55) Bushings and Mountings—Bro 
chure, 4 pp. Achieving flexibility through 
rubber, these parts are used to absorb vibra 
Bearing assemblies and 
couplings included. Bushings, Inc, 4358 
Coolidge Hwy, Royal Oak, Mich 


tion and shock 


(F-56) Rubber-metal Parts—Catalog, 12 
pp. Describes bearings, bushings, mount 
sleeves, and magnetic rubber for recording 
Clevite Harris Products, Inc, Lockwood 
Rd, Milan, Ohio 


(F-57) Sensing Devices—Catal 
Describes sensiny devi 

military, research. Incl 
instruments, primary pt! 
accelerometers, pt 
transducers. Transducer 
Electrodynamics Corp 
Villa, Pasadena, Cal 


(F-58) Journal Bearings—Catalog 
Describes tilting shoe type bearing 
signed to eliminate vibration. Sizes 
shafts from 2 to 12 in. diameter. W 
kesha Bearings Corp., Box 346, Wauk 
W isc 


(F-59) 
4 pp. Explains operat 
taking up to lf 


lso shows accesso! 


High Speed Cameras—B: 


Co, 850 Hudson Av 


(F-60) Panel Instruments—Bulletin, 6 pp 


Provides ranges, scales, other data 


ammeters and voltmeters for a variety 
uses. Daystrom, Inc, Weston Instrum 


Div, 614 Frelinghuysen Ave, Newark 


(F-61) Blower Housings—Brochure, | 
Provides dimensioned drawings 

ings and accessories for wheels from 
11 in. Detroit Stamping Co, 35 


land, Detroit 3 


(F-62) Roller Bearing Bushings—Catalog, 
6 pp. Gives specifications of bushings for 
jig and fixture piloting and milling ma 
chine arbor supports. Donley Product 


Inc, 11106 Avon Ave, Cleveland 


(F-63) Analog Computer—Brochure, 2 
pp. Computer has 3450 hole prepatch 
panel for programming. Design expands 
through use of many additional compo 
nents. Electronic Associates, Inc, Long 


Branch Ave, Long Branch, NJ 
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I-S SPRINGS of beryllium copper can help you 


IMPROVE YOUR PRODUCT’S QUALITY, REDUCE YOUR COST, INCREASE YOUR PRODUCTION 


Instrument Specialties Company specializes in the realize the fullest performance potential from the 
design and custom manufacture of age-hardened superior spring materials around which I-S serv- 
alloy springs. With our specially developed pro- ice to designers and manufacturers has been de- 
cesses and machines, our engineers are able to veloped. 





STRIP SPRINGS 


Fabricated from beryllium copper. 

Easily handled, readily broken apart by hand or used 
in automatic or semi-automatic assembling devices 
and contact riveting machines. 

Individual pieces may be broken off without trace of 
burr. 

Eliminate sorting, untangling and handling of loose 
pieces. 

Springs may be produced in strips to various shapes; 
formed angles may be held within plus or minus one 
degree. 

Heat treated in multiple fixtures to insure uniformity, 
close tolerances .and elimination of variations in 
spring-back 


RAMA ie COIL SPRINGS 


Made from laboratory tested beryllium copper wire 


v 
Fe casihiaiiesinilanbacion Special coiling and heat treating equipment insures 
100% uniformity 
Guaranteed rigid tolerances held on diameter and load 
tests at specified deflection 
These factors combine to assure increased service life 


Ue Pemmiaa es A | through higher endurance strength — make products 
at i perform more consistently by eliminating drift, set or 


fatigue. Furthermore, they eliminate expensive hand 
: i adjustment and reduce inspection costs of finished 


product 


PRODUCTION 








HIGH FREQUENCY SPECIALTIES 


We are equipped to supply standard mating parts for 
use with 2C-39, 2C-40, 2C-43 and 3C-37 tubes, or 
custom made parts in related helds 

Grounding strips and contact fingers can be supplied 
in standard or special contours. 

“Flea” contacts for co-planer type subminiature tubes 


FOR and transistors. 


LOW | SHORT-RUN SERVICE 


: , For those who need quick delivery of parts in pilot 
ACTIVITY as quantities or require a low-cost proving ground for 
. spring designs. I-S methods eliminate expensive tool 
ing. Laboratory controlled, precision produced — yet 
at lower cost than is possible with permanent, high- 
activity tools. 

We are equipped to handle conventional beryllium 
copper stampings and screw machine products in short 

runs or in high production. 








A COMPLETE ENGINEERING AND 
SAMPLE SERVICE 
s e, let 
When your product is in the design tag 
INSTRUMENT SPECIALTIES CO., INC. | soso ers y'gie in 
copper may be designed to fit your needs 


234-A Bergen Boulevard Little Falls, New Jersey Aenle stock, Bexible facilities, shor setup 
time speed production of sample lots 


Telephone: CLifford 6-3500 tral orders. 
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Solving difficult 
Bearing and Special 


Parts Problems - 
an Aetna Specialty 





The challenge of new and unusual problems is of con- 
tinuous interest to Aetna design and application engineers. 
Their readiness to accept the difficult has established Aetna 
as a leading source for specially engineered or hard-to- 
make bearings, and hardened and ground precision parts. 

Whatever your problems may be, the Aetna engineering 
facilities for design and application are available to assist 
you. Why not outline your anti-friction or parts problems 
for Aetna study, consideration, and recommendations on 
how to best achieve operational efficiency and long life 
expectancy in your products. 











A 
ae 


AETNA BALL and ROLLER BEARING COMPANY § 4600 SCHUBERT Ave. 


a DIVISION OF PARKERSBURG-AETNA CORPORATION CHICAGO 339, ILL. 


ANTI-FRICTION SUPPLIERS TO LEADING ORIGINAL EQUIPMENT MANUFACTURERS SINCE 1916 
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YOU KNOW YOU'VE 


SIMPLIFY AND SAVE 


A second look at the very same shaft shows how easy it 
is to “design in” a Hyatt bearing. It requires no costly end 
clamps, threads, nuts, screws or washers. That’s because 
Hyatt Hy-Roll bearings can be affixed to the shaft with a 
heavy press fit. Rest assured, they'll never come loose 
because Hyatt Hy-Roll races are made from case-hardened, 
carburizing type steel. The hard outer case and tough 
ductile core permit heavier press fits without fear of cracking. 


WHEN YOUR 


EXPEDITE ASSEMBLY 


When a product is assembled, you can see why Hyatt makes 
all separable races interchangeable within the same part 
number. For it allows you to press the inner race on the 
shaft at one work station, then later fit it into any of the 
mating assemblies already installed in the housing. You 
don’t have to worry about matched assemblies because 
Hyatt has made selective fitting unnecessary. Think of the 
time it saves! 


PRODUCT ENGINEERING — Design Digest Issue 





MECHANICAL PARTS AND DESIGN ANALYSIS | | 


PUT THE SHAFT IN ITS PLACE 
“SPECS” READ “ 





DO BOTH JOBS AT ONCE Hyatt produces 10 major bearing types—four have 
Remember how versatile Hyatt Roller Bearings can be. separable inner races 7 = 
Primarily, they’re designed for the heaviest radial loads. 

But, with shouldered races, they'll also accommodate a 7 7 

: ; —four non-separable 
considerable amount of thrust load . . . enough to provide 
adequate shaft location. 

Here, for example, is a spur gear drive pinion on an —and two have separable outer races. 
opposed pair of R-YS type Hyatt Hy-Roll Bearings. 
Shoulders on the inner and outer races restrict lateral 
movement without sacrificing any of the high load carrying 
capacity inherent to cylindrical roller bearings. Thus, 
Hyatt gives you a bearing combination that combines high bore, in instances where the shaft or housing bore 
radial load carrying capacity with convenient shaft location. can be suitably hardened and ground. 

You’re assured smooth, trouble-free performance the 
minute you specify Hyatt Hy-Roll Bearings. For Hyatt quality 
is constantly checked and electronically controlled to insure 
that the last Hyatt Hy-Roll is every bit as accurate as the first. 


The separable race can be omitted and rollers 


operated directly on the shaft or in the housing 


For full details on selection and application 
of these bearings see Hyatt Catalog 150 
or call your nearest Hyatt Sales Engineer. 


Hyatt Bearings Division, General Motors Corporation, Harrison, New Jersey 


yar Var. ROLL BEARINGS 


IN ROLLER BEARINGS HYATT 1S THE WORD FOR (Qj F®: 
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wero | @ind Other things 


‘‘where to get it” questions- 
by calling on the versatile custom-made to quality standards 
experience represented 
by these typical springs and 
stamped parts. Here is 
unusual ability to analyze ~*~ 
your part from both design J a / 
and production efficiency and € 
to make cost-saving 

contributions where possible. — 
Whether your requirements a we 

are large or small, routine or 4 , | { | 
extreme precision, you'll get ; ; fT Tl 
a better brand of service : (| (| ] 
and quality from the best , Peres ' 
springmakers in the business. G 





Send for ‘‘Pocket Guide to 
Springs and Other Things’’ 
—a quick picture of our 











products and services 


Associated Spring Corporation General Offices: Bristol, Connecticut 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. Raymond Manufacturing Division, Corry, Penna B-G-R Division, Plymouth and Ann Arbor, Mich 


F. N. Manross and Sons Division, Bristol, Conn. Ohio Division, Dayton, Ohio Gibson Division, Mattoon, II! 

Dunbar Brothers Division, Bristol, Conn. Cleveland Sales Office, Cleveland, Ohio Milwaukee Division, Milwaukee, Wis 

Wallace Barnes Steel Division, Bristol, Conn. Chicago Sales Office, Chicago 46, II! Seaboard Pacific Division, Gardena, Calif 
Canadian Subsidiary: Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. Puerto Rican Subsidiary: Associated Spring of Puerto Rico, Inc., Carolina, P.R 
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FOR NEW DESIGNS, 


PROTOTYPES, 
EMERGENCY REPAIRS... 


bronze bearing material 


Solid Bar Stock 


(614" Lengths: 14” up to 12%” Diameter) 


Cored Bar Stock 


(614" Lengths: 4%” ID x 1” OD up to 734” ID x 
103%” OD) 


Plate Stock 


(144" wide x 214” long up to 12” wide x 24” long. 
Thickness 14" to 1”) 


Circular Plates (Discs) 


(1" ID x 3” OD up to 4” ID x 6” OD. Solid up to 
18” OD. Thickness 14" to 34") 


Strip Stock 


(6” wide x 36” long; 4” or 6” thick) 


Self-lubricating, oil cushion bronze bearings 
(20% oil by volume) can be quickly machined 
for new design developments, prototypes, 

and emergency machinery repairs—when you 
have a supply of OILITE Bronze bearing 
material on hand. Available in a wide range 
of shapes and sizes from stock. Contact your 
Amplex OILITE representative for details. 


“hf a> : : S-60). Includes all stand- 
OILITE IS EASY TO MACHINE. Boring, turning, . +f . ‘ 
drilling and all other conventional machining oper- ard sizes of OILITE Bronze solid and cored bar 


ations can be done. High surface speeds, fine feeds and stock, plates, discs and strips; Super-Oilite solid 
sharp tools preserve OILITE’S open pore structure and cored bar stock. Also 1081 standard sizes of 
and self-l!ubricating properties OILITE Bronze self-lubricating bearings. All 
: : available from stock. Send for your free copy. 


AMPLEX game 


DIVISION CHRYSLER CORP. 
DETROIT 31, MICHIGAN 
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298 


METAL-MESH 


CONVEYOR BELTS 


Rod Reinforced 


Two of the weaves most commonly used in processing operations 


Cambridge Belts are available in nine basic 
weaves with mesh sizes ranging from !~” to 
2”, any size or length, including a Collapsible 
Belt for easy cleaning, Teflon-coated Belts, 
etc. 

Continuously moving Cambridge Belts 
speed production, eliminate manual handling 
and batch processing. Open mesh allows free 
circulation of air or liquids, fast drainage of 
solutions. All metal construction resists sub- 


zero to 2100° F. temperatures, corrosive or 
abrasive conditions. Elimination of seams, 
lacers or fasteners gives longer service life, 
less maintenance. All types of side or surface 
attachments available. 


Currently, Cambridge Belts are used in such 
diversified operations as heat treating, anneal- 
ing, baking, freezing, drying, brazing, oiling, 
quenching and hundreds of others. 


IN DESIGNING FOR SCREENING, STRAINING, SIZING, FILTERING, 


CLEANING OR DEHYDRATION OPERATIONS ... 

















From the coarsest. . . 


to the finest mesh 


SPECIFY 


INDUSTRIAL 


WIRE CLOTH 


Available in nine basic weaves, woven from any metal o; alloy, including titanium, platinum, silver, etc. 


Quality is one of the most important charac- 
teristics of Cambridge wire cloth. Accurate 
mesh count and mesh size are assured by con- 
stant checking and inspection, from raw ma- 
terial stage through final packing for shipment. 
To assure complete satisfaction, a Cambridge 
Field Engineer follows up to make sure our 
product is giving the best possible service. 
WIRE CLOTH can usually be shipped 


“(ie The Cambridge Wire Cloth Co. 


Cambridge 9%, Maryland 


Department AP 


OFFICES IN BOSTON + 
CHICAGO bd ST. LOUIS’ * KANSAS CITY * 
SAN FRANCISCO * HAMILTON, ONTARIO + 
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NEW YORK * WILMINGTON © PITTSBURGH * DETROIT 
ATLANTA 
MONTREAL, QUEBEC 


immediately from the thousands of different 
sizes and meshes of the most frequently used 
weaves kept on hand in our warehouse. If 
what you want is not on hand, we'll schedule 
our looms to get it to you as soon as possible. 


FABRICATIONS—any size or shape in 
any quantity can be made up from your 
prints, or we'll draw up prints for you. 


See your Cambridge Field Engineer for 
full information on Cambridge Metal 

Mesh Conveyor Belts or Cambridge 
Industrial Wire Cloth. He’s listed in the 
yellow pages of your telephone directory 
under ‘Belting, Mechanical” and "Wire 
Cloth.” Or, write for your copies of our 
TECHNICAL MANUALS on Conveyor 


HOUSTON 
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sjexxcornces 


...masters of precision-formed thin metals! 


FLEXONICS METAL HOSE AND FITTINGS 


Annular and helical corrugated; packed and non-packed inter- 
locked hose—to control the effects of pressure, temperature, and 
motion in conveying any medium. Made in all metals, in the 
broadest range of types and sizes—standard up to 24” 1.D. Wide 
range of hose and fittings immediately available from local dis- 
tributor stocks. Special requirements are met on request. 


FLEXONICS EXPANSION JOINTS 


Expertly engineered to your needs . . . hydraulically formed 
metallurgically quality-controlled by exclusive techniques, for 
maximum cyclic life. Also Flexonics Expansion Compensators 
inch for inch the lowest-cost way to absorb thermal growth in 


pipe and tubing 3” and smaller 


FLEXONICS BELLOWS 


For measurement of - and temperature . . . for sealing . 
for operation of mechanisms. Available in all metals —including 
Flexonics-pioneered stainless steel —in the broadest range of sizes. 


FLEXONICS AERO/SPACE COMPONENTS 


Thin-wall stainless steel tubing and precision-fabricated ducting 
assemblies and configurations; flexible ducting sections; gimbal 
joints; pin joints; free-flexing joints—all designed specifically for 
the needs of the aero/space industries and formed by exclusive 
Flexonics methods to do more with less weight and less space. 
Also, complete line of aeronautical metal hose and fittings. 


Mail the coupon today ! Check your field of interest and clip the coupon to your 
letterhead, for helpful and informative Flexonics literature. 


4 FLEXONICS CORPORATION 
é =» OFR acs. 1351 South Third Ave., Maywood, Illinois 
corporation 
In Canada: Fiexonics Corporation of Canada,Ltd.,Brampton, Ont. that | have checked 


Ep) Cx Cc 4» a [] Metal Hose [] Expansion Joints 


aero/srace [) Bellows [] Aero/Space Components 
COMPONENTS 


SUBSIDIARY OF CALUMET & HECLA, INC. 


Please send me literature on the subject 


EXPANSION METAL SYNTHETIC BELLOWS 
JOINTS Hose HOSE 
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MSGILL’ 


GUIDEROL bearings offer higher load 


GUIDEROL bearings pack more high capacity performance into smaller radial Sealed Guiderol 


space. Their construction features the extra capacity of a full complement needle 
bearing and effective roller control. Center guided rollers limit skewing and pre- 
vent binding under adverse conditions in either horizontal or vertical mountings. 


Bearings Protect 
Performance Life 
and Cut Maintenance 


For a common 1” shaft, the GUIDEROL bearing has an O.D. of only 14%” with a__— Pre-lubricated and sealed 
capacity of 6310 lbs. Compared to a cylindrical type roller bearing, the GUIDEROL GUIDEROL bearings lock 
bearing requires %” less housing space and offers 23% more capacity. A ball lubrication in and seal 


bearing for the same shaft uses almost an inch ZIP 


larger O.D. to carry 1500 Ibs. less radial load. 
Space-saving GUIDEROL bearings simplify design 
and cut housing space requirements. Available 
with or without inner rings in shaft sizes from %” 
to 944” with capacities ranging from 2880 Ibs. to 
128,670 lbs. (at 100 RPM). 


contamination out. 
Interchangeable dimen- 
sionally with GUIDEROL GR Series bearings, 
they cut maintenance in two ways. Bearings 
last longer and frequent re-lubrication is not 
oo required. 5 different seal combinations are 
GuipeRar . . . . 
BEARING available to fit specific mounting requirements. 





SIMPLEX ENGINEERING USES GUIDEROL BEAR- 
INGS IN HIGH PRESSURE HYDRAULIC PUMPS 


The seco “La” Series pumps, shown in cross section above, 
are fixed displacement seven piston radial pumps, utilizing 
unique patented principles which enable them to generate 
pressures as high as 10,000 psi without loss of mechanical 
efficiency. SECO pumps are manufactured by the sIMPLEX 
ENGINEERING COMPANY, a subsidiary of RACINE HYDRAULICS 
& MACHINERY, INC. 


MCGILL GUIDEROL MT Series bearings are used as shaft sup- 
port bearings, and center eccentric floating bearings in 
these and other series Simplex pumps. 


SIMPLEX reports unusual success with heavier loads and most 
satisfactory bearing life through ten years of use of MCGILL 
bearings. They have helped to produce the strikingly long 
life for which these pumps have become famous. 


KANE AND ROACH LEVELER SHAFTS ROLL ON 
GUIDEROL BEARINGS 


Kane and Roach depends on 26 matched pairs of GUIDEROL 
bearings to carry the leveling and flat straightening loads 
resulting from rolling alloy steels of 80,000 ps1 yield. They 
are used on K & R No. 7 Levelers as roll neck bearings on 
the 11 power driven main leveler shafts and on the pair of 
adjustable pinch roll shafts that guide entry of alloy steel 
bars up to 1” thick by 8” wide. 

Shown are the matched GuIpEROL bearings in their roll 
neck mountings. Driven through universal joints at 38 to 
114 RPM, the power rollers, supported at each end by pres- 
sure lubricated GUIDEROL bearings, provide production 
speeds of 70 to 210 feet per minute. 

Kane and Roach uses GUIDEROL bearings in many applica- 
tions with complete assurance of extra capacity and depend- 
able performance with minimum maintenance. 


WRITE TODAY FOR FREE McGILL BEARING CATALOG 
No. 52-A for complete data on McGILL GUIDEROL, CAMROL, 
MULTIROL and CAGEROL BEARINGS. 
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Sier radial space 


GUIDEROL BEARING 
Cutaway to show center guided 
roller principle 
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GUIDEROL BEARINGS WITHSTAND VIBRATION 
IN LIMA ROADPACKER APPLICATION 


GUIDEROL bearings support the off-balance rotors which 
produce vertical vibration in the six vibrator assemblies of 
each LIMA ROADPACKER machine. The drawing shows the 
position of 4 rotor support bearings. A gear motor drives 
the rotors which are one-half filled with lead to produce 
vibration for road compacting. 


The user states that GUIDEROL bearings were selected be- 
cause of high capacity in limited diameter and their ability 
to withstand extensive off-balance vibration. Possible end 
floating of the separable bearing fits the design very nicely. 
Performance is considered most satisfactory as the bearings 
easily resist the eccentric loading. 


ngineered electrical produets o 7 


i" precision needle roller bearings 


N) 
y 
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GIDDINGS & LEWIS SKIN MILLING MACHINE 
APPLICATION REQUIRES GUIDEROL RIGIDITY — 
MINIMUM DEFLECTION 


GUIDEROL BEARINGS, IN MATCHED SETS are used to mount 
the reduction gearing in the table drive gear box of each 
NUMERCOID tape controlled skin milling machine. The 
drawing shows a partial section of the table drive. GIDDINGS 
& LEWIS MACHINE TOOL CO. cites excellent performance of 
the GUIDEROL bearings. Guided rollers in this bearing have 
eliminated the problem of having the roller bind on the 
shaft if slight misalignment is present. The drive assembly 
mechanism reduces back lash by using a pre-loaded gear 
arrangement and matched bearings. The bearings are 
flooded with oil through the center of the shaft. Speeds are 
1/30 to 460 RPM, 


McGILL MANUFACTURING CO., INC., Bearing Div 
201 N. Lafayette St., Valparaiso, Ind 


~~ 
MEGI | 4 1} > MULTIROL-GUIDEROL-CAMROL-CAGEROL 
gy 
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ACTUAL TESTS PROVE: 


Cg ey 


the most advanced brake 
design in 30 years! 


Over three years of thorough and 
demanding road tests have proven the 
superiority of the new Rockwell-Standard 
Stopmaster Brake. Of its many Vv ‘Ts OF ie 
new improvements the Stopmaster AliCig NUMER item 
incorporates these major advantages to TESTS PR Ous a | 
OVe. 


ae 
meet the modern trucking industry’s Le Tey - 
demand for a more efficient, 
more dependable brake. 
p brake af More 


Ca, 


New Stopmaster 

actuation principal 

results in higher braking 
efficiency with less input. 

In dual actuation design 

both shoes do an equal 

amount of work over the 

entire lining surface. 

This balanced shoe action assures 
more dependable service; faster, 
surer stops; less maintenance. 


New Stopmaster 15” diameter 
permits increased air circulation 
between brake drum and wheel rim. 
This results in cooler operating 
temperatures ... less heat fade, 
longer lining life, longer drum 
life. Smaller diameter 

means less weight. 


The Stopmaster 15” Brake is 

available with either air or hydraulic 

actuation also up to 30” diameter, with 

hydraulic actuation for heavy-duty, off-highway vehicles. 


CORPORATION 7 


A tabthor Fhoauil of... ROCKWELL-STANDARD 


2s = eRe CR 


Brake Division, yeNjabhe-tellll- Wn @lalle 
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New Chassis-Trak Utility Slides 
Support 15 Times Their Own Weight 


Three Models—TILT, TILT-DETENT, and NON-TILT 


With the introduction of the C-230 
Utility Slide, Chassis-Trak can now 
offer al complete line ot electronic cab 
inet slides in a capacity range from 50 
to 275 lbs. The new Utility Slide can 
be used in any standard rack and in 
any type of mobile or stationary instal 
lation where the chassis load does not 
exceed 100 Ibs 

Chassis-Trak’s famous “pencil thin” 
design is an outstanding advantage of 
the new C-230. A pair of these fully 
extendable slides take up only .620” of 
usable chassis space—far less than any 
other slides of equal capacity. 

Made of hard, cold-rolled steel, each 
slide is cadmium plated and then 
coated with Poxylube 75. This is a 
bonded film of molybdenum disulfide 
which provides permanent dry lubri 
cation and protects the metal against 
solvents, acids and corrosion. 


Chassis-Trak C-230 slides are avail 
able in seven lengths—12” to 24”—and 
in a choice of tilt, tilt-detent or non-tilt 
models. The detent model locks in 
three positions—90° up, horizontal 
and 90° down—for convenience in 
servicing tube and circuitry sections 

For complete details and specifica 
tions on the new C-230 Utility Slide 
request Engineering Data Sheet 1600. 


for further information, contact 


525 South Webster Avenue, Indianapolis, Indiana 
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ECONOMICAL 


new WABASH 30-TON 


HYDRAULIC PRESS 


For Laboratory Work. 
For Smail Parts Production. 


For rubber, 
plastics, 
laminating, 
imbedding, 
crushing, 
etc. 


Convenient 
height—-easy 
to insert 
molds, dies, 
fixtures. 


Self 
contained-- 
just wire 
into 220 


volt line 


Accurate 
heat and 
pressure 


controls. 
Other Models 3 to 150 tons 


Ask for Literature. 
WABASH METAL 


PRODUCTS CO. 


1582 Morris St. 
Wabash, Indiana 
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Men on the Move 


Now available 
in a new edition... 
with new figures. 


This popular booklet points up the 
important sales problem of personnel 
turnover in industry. Out of every 
1,000 key men (over a 12-month pe- 
riod) 343 new faces appear ... 65 
change titles . .. 157 shift... and 435 
stay put. These figures are based on 
average mailing address changes on a 
list of over a million paid subscribers 
to McGraw-Hill magazines. 


Write us for a free copy 
Company Promotion Department 


McGraw-Hill Publishing Co., Inc. 


330 West 42nd Street, 
New York 36, New York 
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catalogs and bulletins. continued 
(F-64) Desk-top Computer—Brochure, 9 
pp. Solutions by 93 Ib analog computer 
presented on xy plotter, strip chart or 
oscillograph. Electronic Associates, Inc, 
Long Branch Ave, Long Branch, NJ. 


(F-65) Dry Film Lubricant—Bulletin, 18 
pp. Explains design considerations when 
using this lubricant. EverLube Corp, 
6940 Farmdale, N Hollywood, Cal. 


(F-66) Instrument Ball Bearings—Cata 
log, 44 pp. Provides sections on manufa 
ture, engineering data, dimensions and 
tolerances, selection. The Fafnir Bearing 
Co, Booth St, New Britain, Conn. 


(F67) Ball Bearings—Catalog, 170 pp. 
Presents dimensions, bearing life tables 
and load ratings for many types of single 
and double row ball bearings. Includes 40 
page section of general engineering infor- 
mation. The Federal Bearings Co, Inc, 
Poughkeepsie, NY. 


29 


(F-68) Air Suspensions—Bulletin, 32 pp 
Contains graphs, tables and discussions 
for use as design guide. Can be used with 
vehicle suspension or vibration and shock 
isolation of machinery. Firestone Indus 
trial Products Co, Firestone Blvd at 17 
St, Noblesville, Ind 


(F-69) Lubricants—Bulletin, 32 pp. List 
properties of fluid and grease lubricants. 
Makes recommendations for industrial ma- 
chinery. Lubriplate Div, Fiske Bros Re- 
fining Co, 129 Lockwood St, Newark, 
NJ. 


(F-70) Metallic Bellows and Bellows As- 
semblies—Catalog, 8 pp. Presents design 
and application information for single and 
multiple ply bellows of stainless steel, 
monel, hastelloy, brass and bronze. In- 
cludes a variety of end fittings. Flexonics 
Corp, 1315 S Third Ave, Maywood, Il. 


(F-71) Fittngs for Plastic Tubing—Bro- 
chure, 4 pp. Describes how fittings work. 
Tells how to order. Flodar Corp, 16911 
St Clair Ave, Cleveland 10 


(F-72) Ball Bearings—Catalog, 22 pp. 
Five groups of semi-precision bearings 
range from both races stamped to both 
races machined. Some are installed in sub- 
assemblies. Freeway Washer & Stamping 
Co, Box 1756, Cleveland. 


(F-73) Packings—Catalog, 46 pp. Provides 
tables of dimensions, description of prop- 
erties for many types of rubber and leather 
o-rings, v-packings, cup packings and 
others. Albert Trostel Packings, Ltd, Lake 
Geneva, Wis« 


(F-74) Wheels—Brochure, 15 pp. Dimen- 
sions and load ratings given for tire, disc, 
bearing wheel units. Includes high and low 
speed types. Geneva Metal Wheel Co, 
Geneva, Ohio 


continued 
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COMPARE 


THE 


WITH ANY OTHER 
ON-OFF VALVE 





Smooth round flow 





()\ CLOSED 


VY turn 
operation 





Seats and 
"O”" Rings 
easily 
> replaced 


= 
mm) 


Uf) | /) 





SIZE 
2”-TO SCALE 


i 


CENTER TO TOP—OPEN 














Half million 
cycles 

not 

unusual 
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COMPARE 


Smooth Round Two-Way Flow through the 
valve — minimum pressure loss and turt 
lence 


COMPARE 


4 Turn Operation. Easily adaptable to re 
Al ual indication of open 


or closed pos sic n 
COMPARE 


In-Line maintenance — simply remove four 
bolts and replace seats and seals in the 
center section, without disturbing the line 
Serves as both vaive and union 


COMPARE 


Compactness for ease of installation in c 
fined areas. Approximately the height 
a comparable gate vaive 


COMPARE 


of 


Half Million cycles not unusual with Econ-O 
Miser. No scratching of metal-to-metal sur 
faces — excellent for slurries and abrasive 
media 


WRITE FOR COMPLETE TECHNICAL INFORMATION 


WORCESTER 
VALVE co... inc. 


16 PARKER STREET 
WORCESTER, MASS. 
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TRU-LAY PUSA-\. CONTROLS PROVIDE ACCURATE, 
DEPENDABLE REMOTE CONTROL FOR HUNDREDS OF PRODUCTS 


e If your products involve remote control—electrical, 
hydraulic, pneumatic or direct—TRU-LAY PUSH-PULL 
FLEXIBLE CONTROLS can help solve your design prob- 
lems. They provide positive remote control over long 
or short distances—up to 150 feet from the control 
point. Because they operate while flexing, they can 
snake around obstructions. They will not buckle. They 
are ruggedly constructed, easily installed and operated, 
sealed against dirt and moisture, and will handle jobs 
with as much as 1,000 lbs. input. PUSH-PULL CONTROLS 
are simple, have but one moving part, are noiseless, 
and give a lifetime of accuracy. Mechanical linkages, 
on the other hand, are complex. Unlike PUSH-PULL CON- 
TROLS, they are made of many parts, wear at many 
points, and produce increased backlash, lost accuracy, 
and vibration rattles. 





Py 


SIMPLE 
TRU-LAY 
PUSH-PULL 





COMPLEX MECHANICAL 
LINKAGE 
_ae 


> 


y 
, 


“Sa 














Control 
Dimension 


Minimum 
Recommended 
Radius 
in Inches 


Maximum Input 
Load in Pounds 
(Dependent 
on Travel ) 





Sizes and Operating Heads to Fit Your Design 


Heavy Duty « For use where 
rugged duty prevails, but where 
operation must be smooth and 
accurate. Meets all require- 
ments for dependability and life. 


Light Duty « Gives smooth, 
accurate and dependable per- 
formance at low cost. Available 
with your choice of several types 





30 of knobs. 


65-125 Selective Friction « Amount of 
friction can be changed to meet 
115-175 individual requirements of the 
operator or application. Friction 

300-600 constant at any setting. 
700-1,000 


Position Lock « A slight turn of 
the T-type handle locks the con- 
trol in any position. Available 
in two sizes for light and heavy- 
duty applications. 








Micro Control « Push or pull 
the knob for instantaneous re- 
sponse, then rotate knob for > 
vernier adjustment. Built for 
smooth, efficient operation on 
any job. 


PUSHR\\. DATA FILE shows how 


. . s + 

to simplify, improve design 
PUSH-PULL CONTROLS are solid as a rod and flexible as a wire rope. 
They’re factory-lubricated for life, unaffected by temperature ex- 
tremes, and can be adapted to practically any application. For com- 
plete details on how you can use them, write for the PUSH-PULL DATA 
FILE. It contains 7 engineering Bulletins which describe in detail the 
operation of PUSH-PULL CONTROLS, their applications, features and 
advantages. Our engineers will be glad to help you make TRU-LAY 
PUSH-PULL CONTROLS a part of your product. 




















fe 


PUSH-PULL CONTROLS *<°° 


Automotive and Aircraft Division « American Chain & Cable Company, Inc. 
601-E Stephenson Bidg., Detroit 2 
6800-E East Acco Street, Los Angeles 22 * 929-E Connecticut Ave., Bridgeport 2, Conn. 
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let KIKK and BLUM 


bring your drawings to lite 
--.-on weldments and components 


For over 50 years, Kirk & Blum has been 

fabricating steel components for some 

of the nation’s outstanding manufacturers 
. and maintaining their confidence 

with substantial savings in time and cost. 

Whatever the nature of your fabricati n, 

you can be sure that Kirk & Blum 

will exercise the same care y 


of your own organization. 


Kirk & Blum maintain 

facilities and special equipment 
fabrication of sheet metals and | 
structurals. Copper, aluminum, n 
stainless and other alloy fabrication 
isa Kirk & Blum specialty. 

Let us send you detailed informat 
on the products we have fabricated. 
Better yet, send us your prints 


for prompt quotation. 


KIRK « BL om 


MANUFACTURING COMPANY 
3223 FORRER ST. 
CINCINNATI 9, OHIO 
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Gilman PRECISION 


SLIDE 
EMBLIES 


-- available 
FROM STOCK 


in 132 stendard types and sizes 


LIGHT DUTY 
BASIC TYPE 


S 


e 


7 


HEAVY DUTY 
BASIC TYPE 





— LIGHT DUTY 
ahd TYPE WITH 
* RETURN SPRING 


¥ 
en HEAVY 
DUTY 
: MICROMETER 
STOP TYPE 





LIGHT DUTY 
LEAD SCREW 
TYPE 


HEAVY DUTY 
LEAD SCREW 
TYPE 





HEAVY DUTY 
CYLINDER 
POWERED 

(in-line 





mount) 


dd 
Qt 
Fad 
HEAVY DUTY 
oe . : CYLINDER 


POWERED 
—_ (lower 
= mount) 
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CARTRIDGE-TYPE 


SPINDLE 
ASSEMBLIES 


. ++ available from stock 
i andard 
¥ 28 — 


AVAILABLE in plain cylindrical type or with longitudinal 
positioning nuts. Five types of spindle noses are offered. 
Range of cartridge diameters from 
1.250” to 2.750”. 


(Left) plain type. (Right) —— 
tudinal positioning nuts. ore 
shown with BLANK SPINDLE END 
for machining by user. 





WITH 
MORSE 
TAPER 

SOCKET 


WITH 
“a STRAIGHT 

BORE 

HOLE 

— WITH 
MOUNTING 

ARBOR 

S S 


Design Advantages 





@ Steel spindles are precision machined and 
ground, with close tolerances maintained 
throughout. 


@ Matched, double-row ball bearings at tool 
end of spindle . . . single-row ball bearings 
at the driven end. 





@ Positioning nuts cre graduated in incre- 
ments of spindle adjustment of 0.001’’. 





@ Spindle assemblies can be mounted in a 
bored hole or in Gilman precision mount- 
ing brackets. 


WITH 
JACOBS 
TAPER 


Write for free Catalog NOSE 








Write for free catalog. 





Inc, 





Grafton, Wis. 
CIRCLE 638 ON READER SERVICE CARD 


628 Beech St. © Grafton, Wis. 
CIRCLE 639 ON READER SERVICE CARD 





4b 


ROD END EXTERNAL 
THREAD TYPE 
“DREM” SERIES 


Self-Aligning 
and 


Self-Lubricating 
SPHERICAL BEARINGS 


Lad 
Combine ‘Monoball: Engineering Advantages with Life-Time Lubrication 


Design engineers in many industries are specifying new “DYFLON’’® SELF-ALIGNING and SELF-LUBRICATING SPHERICAL BEARINGS 
for these 5 major reasons: 

1. LOWER COEFFICIENT OF FRICTION 

... ideal where lubrication is impossible or undesirable. 

2. WITHSTAND EXTREME VIBRATION 

.. perfect performance under shock load conditions. 

3. WILL NOT “COLD-FLOW” 

...even under extreme load conditions. 

4. IMPERVIOUS TO KNOWN CHEMICAL SOLVENTS 

..eliminates corrosion problems. 


5. FAIL-SAFE ...due to “Monoball’’® 


Request Engineering manual No. 551. 


SOUTHWEST PRODUCTS CO. 


CIRCLE 308 ON READER SERVICE CARD 


ROD END INTERNAL 
THREAD TYP 
“DREF” SERIES 


In addition, due to their two-piece ““MONOBALL’’' 
design and plastic alloy insert, ““DYFLON’’® bear- 
ings have a long cycle life. Alignment and installa- 
tion problems are minimized. Oil-free for life 
means lowest possible maintenance costs. 

Available in a variety of plain or rod end types. 
Bore sizes to 3.000”. Materials include stainless 
steel, plastic alloys and chrome alloy steels. Ulti- 
mate static loads to 500,000 Ibs. 


design. 


MOUNTAIN AVE 
* PHONE: MURRAY 1-9616 


1705 SO 
MONROVIA, CALIF 
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catalogs and bulletins... ..... .continued 


(F-75) Accelerometers—Catalog, 18 pp 
Provides dimensions, specifications, con 
struction details of accelerometers for air 
craft and missiles. Genisco, Inc, 2233 


Federal Ave, Los Angeles 64 


(F-76) Rate of Turn Tables—Data Sheets, 
6 pp. Describes test equipment for cali 
brating and evaluating rate gyroscopes 


Genisco, Inc, 2233 Federal Ave, Los 
Angeles 64. 


(F-77) Lubrication—Catalog, 28 pp. Fur 
nishes dimensions and _ illustrations of 
oilers, grease cups, sight gages, shaft seals 
and others. Gits Bros Mfg Co, 1846 S 
Kilbourn Ave, Chicago 23 


(F-78) Wheels and Casters—Catalog, 16 
pp. Describes casters with load ratings up 
to 600 Ibs. Wheels are of rubber, solid 
steel, phenolic. Gleason Corp, 251 N 12 
St, Milwaukee 3 


(F-79) Casters and Wheels—Four bulle 
tins, 8 pp. Provides dimensions, tire 
styles, bearing types for industrial and 


juvenile applications. Goddeyne Wheel 


Products, 1300 N McLellan St, Bay City 
Mich. 


(F-80) Electronic Instruments—Bulletins 
13 pp. Presents capabilities and electrica 
characteristics of transfer function com 
puter and airborne telemetry gear. Gulton 


Industries, Ino, Ontolog Pv Box 57. | ig @ better buy than lost time on the assembly line! 


Princeton Junction, NJ 


(F-81) Bushings—Bulletin, 7 pp. Provides 


description, sizes, dimensions, mounting 


BEFORE you go into production is the 


time to let a Precision Sales Engineer analyze 
holes dimensions, prices of strain relief 


snap and junction terminal bushings your problems, recommend solutions. As a 
Heyman Mfg Co, Kenilworth, NJ. recognized “O” Ring specialist, his knowledge 
(F-82) Spherical Roller Bearings—Bro and skill _ help you improve product 
chure, 16 pp. Tables give dimensions, load operation, simplify design, reduce assembly 








and life ratings of double-row, self-aligning costs and eliminate early product failure. He'll 
bearings. Shaft bores go up to almost 20 help you obtain the right product design, then 


3all & Bearing C 5400 S “ne 
in. Hoover Ball & Bearing Co, 5400 S recommend the right “O” ring for the job. 
State Rd, Ann Arbor, Mich “ye ie 2 , 
Precision “O” Rings are rigidly inspected, 
(F-83) Bail Bearing—Bulletin, 12 pp. Pro 
vides design information for bearings up 
to 74 in. OD and 7200 rpm. Hoover 
Ball & Bearing Co, 5400 S State Rd, Be safe with Precision. Write, phone, or wire 


true to size and meet all military and 
commercial specifications. 


Ann Arbor, Mich. for the services of a Precision Engineer today 


(F-84) Lubricators—Catalog, 40 pp. De 
scribes force feed mechanical lubricators 


for machinery and compressors. Includes BE SAFE WITH PRECISION 


various charts and diagrams for pairing 














units with pressure, lubricant, capacity 
Manzel, unit of Houdaille Industries, In 
315 Babcock St, Buffalo, NY. 


(F-85) Desk Computer—Bulletin, 8 pp i? 
I ¢ PI sol oo 
Describes research and enginecring com ¥ 
puter with solid state circuits, magneti a recision u er ro uC Ss 
core memory. Input is by punched tape 


Output is in decimal form. International Corporation -'O Ring and Dyna-seal Specialists 


Business Machines Corp, 112 E Post Rd, 
White Plains, NY. 


continued Dept. 6, Oakridge Drive, Dayten 17, Ohio Canadian plont at: Ste. Therése de Blainville, Québec 
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iF A MINIATURE or INSTRUMENT BEARING IS NEEDED. 


RETAINER BEARINGS 


4 This is one of the most frequently specified 
etainer Bearing M “ : : 

_- types for instrument applications. Available 
with newly designed crown retainers. This 
design permits even ball spacing, low torque, 

Retainer Searing ~— and most consistent performance. Over 370 

lange ° . . 
standard types and sizes are listed in our 
Design Manual. 

Retainer Bearing 
Shielded SIZES 
(Available in a wide selection of 


combinations within the following ranges) 
Flanged & Soistoee BORE 0.0. WIDTH 
.0400 .1250 .0469 
3125 .6250 .1960 




















| 





EXTENDED INNER RINGS... 
available on all above types 


FULL BEARINGS 
Specified for applications requiring maxi- 
mum radial load capacity. Not suited to low 
torque requirements. Over 2] standard types 

Full bearing and sizes. 

(Available pl 

poy edo BORE 0.D. WIDTH 

Min. .0250 .1000 0312 


s 
— a Max. 3125 .9000 1562 


























UP and WAFER BEARINGS 
Expressly designed for use in synchros, servos, 
small motors, potentiometers, and gear trains. 
Widths are significantly narrower than standard 
to allow more room for rotors and stators. 
Available in 16 types and sizes. 


SIZES: BORE 0.D. WIDTH 
bearing Min. 0550 1875 .0937 


compared 


with standard | May 1875 4375 1094 


equivalent 


























oan 


QUALITY PERFORMANCE ... 


is in direct relation to quality of production. All 
New Hampshire bearings are made to ABEC-7 
tolerances or better. The result is improved run- 
ning qualities for all users . . . at no extra cost! 
In addition, rigid quality control during manu- 
facture and continuing research enables New 
Hampshire to maintain leadership in our field . . . 
to supply you with the finest bearings for your 
needs at the lowest cost. 


IMMEDIATE DELIVERIES FROM STOCK... 


(For research & development, prototypes, and re- 
placements) are made from our three regional offices 
as well as the main plant. Bearing specialists are on 
hand to help you plan and specify. Call your nearest 
office collect for fast service. 

NEW HAMPSHIRE BALL BEARINGS, INC. 
51 Cutter Mill Road 


GREAT NECK, NEW YORK 
HUnter 2-8633 TWX: 1421U 


566 Northwest Highway 
DES PLAINES, ILLINOIS 
VAnderbilt 7-6646 TWX: 1642U 


1540 North Highland Avenue 
HOLLYWOOD 28, CALIFORNIA 
HOllywood 4-0208 TWX: LA 933U 


(main plant) 
PETERBOROUGH, NEW HAMPSHIRE 
WAlnut 4-3311 TWX: 209U 


NEW 
DESIGN MANUAL 


Newly revised and expanded, this 
authoritative publication is a guide 
to designing around, specifying 
and purchasing of miniature and 
instrument ball bearings. Compre- 
hensive general information, cata- 
log data, and engineering bulletins 
are included in the 100-plus pages. 
A personally registered copy is 
available to qualified engineers, 
draftsmen, and purchasing 
departments. 


For your free Design and Purchasing Manual, write or call any 
New Hampshire Office 


HAMPSHIRE BALL BEARINGS, INC. 


PETERBOROUGH, N.H. 
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How to choose a 


LUBRICATION SYSTEM 


that provides constant, uniform lubrication 


Q ()/ 
of up to 
() 


use this handy check list: 






































Oil-Mist for high speed Oil Spray for Condensed Oil 
anti-friction type low speed anti- for plain bearings, 
of bearings. friction and open and — slides, ways, vees, cams, 


enclosed gears and rollers. 


WS chains. “ » 


Alemite, Division of Stewart-Warner, Dept. AA-90 
1850 Diversey Parkway, Chicago 14, Illinois 


beds 
Inquire today about Alemite’s revolutionary Oil Mist 
system with Thermo-Aire—continuous, automatic appli- 
cation of lubricants up to 25,000 SSUV at 100 degrees F. 


(] Please send me a free copy of your Oil-Mist catalog. 


[] Please have your Alemite Lubrication Representative arrange a 
no-obligation demonstration. 


Name 

Company 

Address . , 

City. ea nc cient 











ee ee ll 
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Data Readout Counters 
Each wheel has ten-position switching mechanism for 
transmitting counter readings electrically. Actuated me- 
chanically or electrically. 


General-Purpose Counters 
A complete square case line for light duty counting 
where small size is required. Available as direct drive, 
revolution, ratchet, rotary ratchet and geared counter 





Magnetic Counters 
For remote indication. Actuated electrically by variety 
of switches or photocells. High speed, quick reset model 
features 3000 cpm, small panel area. 


Vary-Tally 
Multiple unit reset counter for more accurate tallying 
Ideal for quality control, production control, piece 
work, and analysis work. Available in strips and tiers. 





Count/Paks 
Complete packages for high speed, non-contact count- 


ing. Pulse stretching circuit for counting small objects. 
Photohead designed for specific applications. 


Miniature Precision Counters 
Complete line of specialized counters and readout de 
vices for military, aircraft and missile instrumentation. 
Precision gearing and complete “‘systems’’ available 





Electronic Countrols 
Predetermining Counters provide automatic control of 
machine operations, with single stop motion or series of 
sequential stop motions. Count electrical impulses, 
speed to 5000 counts per second. 
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Send for catalog information and data sheets on the 
complete line of Veeder-Root Counters. 


Veeder-Roo 


HARTFORD 2, CONNECTICUT 


"The Name that Counti’ 


New York + Chicago + Los Angeles + San Francisco 
Seattle + St. Louis * Greenville, S.C. * Altoona, Pa. » Montreal 
Offices and Agents in other principal cities 
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ORANGE Cage 770 NEEDLE BEARINGS 


Precision needle rollers are permanently aligned in pockets of 


anti-friction cage—resist skewing while running 


in vertical, 


tilted or horizontal position. Successful on overhung mountings; 


less affected by misaligned mountings or skiaft deflections. Sizes, 


without seals, 44” to 8” shaft dia.; with built-in seals, 4% 


shaft dia. 


ORANGE ROLLER BUSHINGS 


Full type precision needle bearings pro- 
vide maximum load capacity in small 
radial space. Close internal running 
clearances minimize possibility of mis- 
aligned rollers. Standard sizes 4%” to 8” 
shaft dia. 


ORANGE JOURNAL ROLLER BEARINGS 


Provide high load capacity where radial 
space is limited. Available as complete 
bearings or as component parts in inch 

. +> * 54" ” 
sizes, in multiple lengths, 4” to 5 
shaft dia. 


ot 


ORANGE STAGGERED ROLLER BEARINGS 


Exceptionally high load capacity and 
even running are gained by use of many 
short rollers in staggered arrangement, 
instead of fewer long rollers. All standard, 
interchangeable sizes in the 200 and 
300 series. 


ORANGE CAM YOKE ROLLERS 


For yoke mountings involving follower 
action, and for machine elements re- 
quiring guide or support rollers. Stand- 
ard sizes from 4%” to 4” O. D. Chrome, 
Cadmium or Black Oxide finishes avail- 
able; also seals where required. 


Engineering representatives and distributors 
in all industrial areas 


ORANGE CAM FOLLOWERS 


Provide high load capacity and shock 
resistance. Standard sizes from 1%” to 
4” O. D. with either standard or heavy- 
duty studs. Chrome, Cadmium or Black 


Oxide finishes available; also seals 


where required. 


O0C 


ORANGE THRUST ROLLER BEARINGS 


Cylindrical roller type thrust bearings 
provide high capacity and durable 
service. Available in light series 74” to 
314” bore; heavy series from 2” to 16” 
bore. Special types and sizes to order. 


— 


Send for 48-page Engineering Reference Manual 


Sallati 


tel i 


showing di ions, P ’ 
data on all Orange Roller Bearings. 
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Aibdiee Flexible Shafts for 
REMOTE GONTROL...POWER DRIVE... COUPLING... 


5. 0. WHITE 
FLEXIBLE 
SHAFTS 


3 lines to choose from 
to meet ALL your needs 


S.S. WHITE STANDARD FLEXIBLE SHAFTS 
. are complete, ready-to-attach, always in 

stock. Save you engineering time... give you 

“off-the-shelf” savings. Four standard sizes. 


Oe 


<>, 








we 
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J 
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PRE-ENGINEERED FLEXIBLE SHAFTS... 
are shaft, casing, fitting combinations, 

based on designs proven in service... 
quickly assembled for early delivery. 


CUSTOM-DESIGNED FLEXIBLE SHAFTS 
.. to meet specialized needs. The engineering 
services of S. S. White are available to you 
Write for Free 


S. S. White Flexible without obligation. 
Shaft Handbook, 4th Ed. 


; WRITE, CALL OR WIRE f; ih 4p 


IN AEE sHarts / 


S. S.WHITE INDUSTRIAL DIVISION 


Dept.14,10 East 40th Street, New York 16, N.Y. + Cable “FLEXWHITE’ 








*e Tel: MU 3-3015 
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It can if it’s made by gsssa —be- 
cause all S&F bearings, both 
ball and roller, offer special quali- 
ties at “production” bearing 
prices. 


Take the single-row deep-groove 
ball bearing featured here, as an 
example. S38 designs and builds 
this type to sustain heavy radial 
load and thrust load in either di- 
rection. Furthermore, it is engi- 
neered to run smoothly and 
quietly at normal speeds with 
grease lubrication—and at high 
speeds with oil. 


Can a standard bearing Yet this is a standard Ss ball 


bearing, mass-produced by auto- 
rT 3 . 99 mated production equipment at 
offer you more bearing our plant at Altoona, Pa. You 
can quickly get this bearing in 
over 100 sizes, ranging from 5,4” 
for your money? to 15.748” O.D., and in a wanlety 
of seal, shield and snap-ring 
combinations. 


But why not find out what SSF 
offers in bearing quality, availa- 
bility and economy? Just call the 
0s branch office nearest you. 


: Angular ° 
Contact Bearing - 


Tyson* Tapered 
Roller Bearing 


Cylindrical 
Roller Bearing 


Spherical Roller 
Thrust Bearing 


Spherical 
Roller Bearing 


recal, Ball," Wypen Tapered ond REED Mimature Bearings 
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ANALYTIC “BLOODHOUND” SNIFFS OUT SECRETS 
OF BEARING CORROSION 


WE USE THIS HYPERSENSITIVE 
DEVICE TO TRACK DOWN 

ENGINE BEARING CORROSION TO 
ITS SOURCE. This instrument needs 


only a minute fragment of metal for 
accurate analysis. Consequently, engine 
bearing corrosion can be traced from 
its beginning through complete destruc- 
tion of the bearing surface. Because test 
variables are minimized, Federal- 
Mogul engineers can accurately relate 
degree of corrosion to specific engine 
operating conditions. This analytical 
tool is in continual use in our labora- 
tory, assisting research on many differ- 
ent projects. Prevention of corrosion 
and development of new bearing alloys 
are high on the list! 


SUCCESSFUL BEARING PERFORMANCE 
depends on selecting the proper alloy for 
the operating conditions to be met. Federal- 
Mogul engineers have had years of experi- 
ence with bearings and applications of all 
kinds . . . and this wealth of knowledge is 
available to bearings users. This is one reason 
why F-M sleeve bearings, precision thrust 
washers, formed bushings, and low-cost 
spacers are chosen for use in virtually every- 
thing from baby buggies to 


heavy industrial cranes. There’s much valuable data in our Design Guides on sleeve bearings, thrust washers and bushings; 


and in our brochure on spacers. For your copies, write Federal-Mogul Division, Federal-Mogul-Bower 
Bearings, Inc., 11043 Shoemaker, Detroit 13, Michigan. 


sleeve bearings DIVISION OF 
TRUE FEDERAL-MOGUL-BOWER 
thrust washers 

BEARINGS, INC. 
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VEN'T CHANGED 


PANY 
» ONTARIO 


BUT TORRINGTON HAS 
DEVELOPED HUNDREDS 
OF THOUSANDS OF 
VARIATIONS OF THOSE 
BASIC METHODS 

IN PROVIDING PEAK 
AIR MOVING EFFICIENCY 
TO INDUSTRY. 


THAT'S WHY MOST 
PRODUCT DEVELOPMENT 
ENGINEERS TURN 

THEIR AIR MOVING 


* TORRINGTON! 





BASIC STANDARD UNIT 


For tough expansion problems— 


ANACONDA 
A-X TUBING 


Anaconda A-X tubing is a flexible metal connector with annular 


corrugations designed to handle the types of movement shown 


TYPES OF MOTION 


at the right while conveying liquids or gases. It is available in 
stainless steel and other alloys and is generally sold complete 
with fittings (right, below). Nominal tubing I.D.’s: 5”, 6”, 8”, 
10”, 12", 14". 

Most axial motion applications involve motion in one direc- 
tion in respect to the installed position. This may result in com- 
pression or extension of the tubing. In a few applications an 
assembly may be subjected to both extension and compression ae 
in relation to the installed length —such cases occur when 
temperature varies both above and below installation tempera- 
ture. In order to give the best service for each type of application 
there are three different corrugation standards for each tubing 
size: 


SHEAR 


PRE-COMPRESSED. Designed for extension movement. Will allow 


a small amount of compression. 
FITTINGS FOR A-X TUBING—UNBRAIDED 


STANDARD. Designed for compression movement. Will allow a 


small amount of extension. 


OPEN PITCH. For elbow forming, ducting, or misalignment where 


little movement is required. = sells dai 
UNW -WELDING NIPPLE 


Bulletin A-X 97 gives complete details. 
Call your Anaconda Metal Hose repre- 
sentative for a copy—or for the services 
of an Anaconda specialist to help you in 
the design of a special connector to 
meet your needs. Or send in coupon 

FW—FIXED FLANGE 
below 


; 
FFW FLOATING FLAN 


FITTINGS FOR A-X TUBING—BRAIDED 


Anaconda Metal Hose Division 
The American Brass Company 
Waterbury 20, Conn. 


Please send a copy of Bulletin A-X 97 
NAME 
COMPANY 


STREET 





UNW WELDING NIPPLE 
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Stack ’em... 


Ls Tapics 
‘em... 


GENERAL 
DUTY 
series 100 
CASTER 


Stock ’em... 


in. | _ 
ATSE Rel ity. a series 400 


CASTER 


on Faultless | ‘= 


L900 


Casters in 


Eliminate costly, one-at-atime handling methods with 
Faultless Casters! Parts—even heavy ones—can be 
stacked high on Faultless Casters, ready for further 
processing. Fully loaded Faultless Castered trucks, 
carts, dollies, racks roll easily, smoothly . .. carrying 
your products from machine to machine, around SERIES 
corners, down narrow aisles, even outdoors. And H900 
products stocked on Faultless Castered equipment CASTER 
require minimum rehandling for packaging, or ship- A 

ping. Faultless engineers a complete line of precision 

casters to meet your specific requirements. 


HEAVY 
DUTY 


is a 


ded de EER 


ASK YOUR DISTRIBUTOR. Your nearby Faultless 
Industrial Distributor and the local Faultless Sales 
Engineer will work with you to eliminate costly | 
one-at-a-time handling methods at your plant. 
Your Distributor maintains a substantial inven- 
tory of Faultless Casters for immediate delivery. 


Casters illustrated are typical of 
complete range of load capac- 
ities and types available for 
every materials handling job. 


Faultless Caster Corporation 
Evansville 7, tndiana 


Branch Offices in principal cities; see the Yellow Pages of the telephone book under “Casters.” Canada: Stratford, Ontario 
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lf Your Product Uses Seats... 





ROAD KING 


we 


PIONEER 








SENTRY MONARCH 





HEALTHWAY 





UTILITY 





PANEL CRAFT 





320 


Select Advanced Styling 
Custom-designed seats, made exclusively for your 
mobile equipment, will keep your fine products years 
ahead in eye and sales appeal. 


Maintain Proved Quality 


Expert craftsmanship and thorough inspection assure 
you of the exact type of controlled-quality that will 
provide you with every profitable advantage. 


Specify Unmatched Engineering 


Our skilled engineers, all highly-qualified to give you 
complete recommendations, may hold the answer to 
your seating design and production problems. 


Write, Call or Wire for Specific Data 


MILSCO MANUFACTURING COMPANY 


2738 North 33rd Street © Milwaukee, Wisconsin 
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SUPER PRECISION 


GRINDING SPINDLES 
wy STANDARD 


x 


No. 6002-58 
No. 4204 


pecify rugged, dependable 

Standard Super Precision Grinding 
Spindles. The nation's widest line of 
conventional designs plus custom engi- rp 
neering service 


No. 4404-1F 


endiess versatile variations” 
WRITE FOR CATALOG TODAY! 





PRECISION SPINDLE DIVISION 


the STANDARD electrical teol co. =~... 


2601 RIVER ROAD, CINCINNATI 4, OHIO ~ 
CIRCLE 640 ON READER SERVICE CARD 


eran WRG 


1PORaA 
| \1coe@ 


4104 
2 2e®@ 


Wide selection molded plastic knobs, handles, 
hand-wheels at no tooling charge! Minor 
changes (inserts, threads, color, etc.) to suit 
requirements. Other modifications give your 
part a look of exclusive design at fraction of 
new mold cost! Write for complete illustrated 
catalog, or see Sweet’s Product Design Cata- 
log File. 
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catalogs and bulletins. . continued 
(F-86) Nickel Alloy Helical Springs—Bul- 
letin, 46 pp. Discusses extensively com- 
position, properties, design factors. Filled 
with curves and tables. Huntington Alloy 
Products Div, The International Nickel Co, 
Inc, 67 Wall St, NYC 5. 


(F-87) Shock Testing Machines—Brochure, 
4 pp. Impact shock testers give controlled 
amplitude, frequency and pulse wave form. 
Shocks produced range up to 2800 G’s. 
Jan Hardware Mfg Co, Inc, 38-01 Queens 
Blvd, Long Is City 1, NY 


(F-88) Needle Rollers—Catalog, 12 
Lists sizes and gives formulas, factors and 
other data for design. Sizes go up to 
0.3750 in. diameter. The Kaydon Engi- 
neering Corp, Muskegon, Mich 


pP- 


(F-89) Guide Pins and Bushings—Catalog, 
36 pp. Shows materials, construction and 
dimensions of pins and bushings for die 
sets. Lamina Dies & Tools, Inc, 14925 
W Eleven Mile Rd, Oak Park, Mich 


(F-90) Wear Plates—Brochure, 4 pp. Con- 
tains dimensions of bronze plated steel 
side and flat wear plates. Lamina Dies & 
Tools, Inc, 14925 W Eleven Mile Rd, 
Oak Park, Mich 


(F-91) Clamping Devices—Brochure, 19 
pp. Shows toggle clamps hand, air or oil 
operated. Gives tables of clamping forces 
and dimensions. Lapeer Mfg Co, 3058 
Davison Rd, Lapeer, Mich 


(F-92) Springs—Catalog, 20 pp. Provides 
tables of specifications for coil compression 
and extension springs for general and in- 
strument use. Lee Spring Co, 30 Main 


St, Brooklyn, NY 


(F-93) Vibration Absorption Material— 
Brochure, 8 pp. Describes properties and 
gives curves for vinyl chloride elastomeric 
resin pads. Shows design procedure for 
several types of installations. Lowell In 
dustries, Inc, Allston Station, Boston 34 


(F-94) Coating for Stress Analysis—Bulle- 
tin, + pp. Describes applications 
methods of determining stresses qualita 
tively and quantitatively. Magnaflux Corp, 
7300 W Lawrence Ave, Chicago. 


and 


(F-95) Disc Springs—Handbook, 40 pp. 
This is a small textbook on design with 
belleville springs. Includes formulas, curves, 
sample calculations, tables for spring rates, 
damping, other characteristics 
Schnoor KG, Stuttgart, W 


stresses, 
Adolf 
Germany 


(F-96) Clutches, Brakes, Dynamometers— 
Brochure, 12 pp. Describes hysteresis and 
friction clutches, brakes and clutch-brakes 
with torque ratings to 300 oz-in. Also 
motor testing dynamometers with torque 
ratings to 750 oz-in. Magtrol, linc, 240 
Seneca St, Buffalo, NY. 


continued 
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Pn “ty a 


blowers 


weigh only 625 lbs. Provide 400 SCFM 


continuous air flow 


M-D answers the need for lightweight 
pneumatic units for vacuum or high 
pressure systems. Only 625 Ibs. total weight 
of blower and engine. Dependable 

M-D units generate 15 PSIG of 
continuous air flow or up to 18 PSIG in 
surges. Ideal for mobile applications. 
M-D muffler packs mean quiet operation. 


M-D blowers operate at wider pressure 
and speed ranges than any other rotary 
positive blower. Capacities of 22 
production models range from 
50 to 4,000 CFM, pressures to 15 PSIG 
single, 70 PSIG multi-stage. 


For full information write 


M-D BLOWERS, INC.., RAciNE, wisconsin 


A SUBSIDIARY OF (2A) MIEHLE-GOSS-DEXTER, INC. 
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GRAPHALLOY 
ing lubrication, service, or replacement. Many appli- 
cations are still in service after 10 to 20 years at high 
(Operating range: 750°F to minus 400°F.) Value analysis in- 
for overall cost, GRaPHALLOY Bushings are more economical! 


FOR DRY APPLICATIONS — Where oil cannot be used! 


1) In 1G MPERATUR .to 750°F....Graphalloy bearings give long 
service without attention, eliminating shutdowns with their attendant loss of 
production and cost of replacing parts. They are used where oil or grease would 
volatilize or where fumes would contaminate the product. 


2) At Room Temperatures. In heavy duty, low-speed machinery (particularly 
with vibration), where oil or grease would squeeze out. In medium duty, 
medium speed, oil and oiling schedules are eliminated. In special usage... 
Graphalloy does not attract dust or lint (and their abrasive action); does not 
contaminate foodstuffs or pharmaceuticals; in instrument applications Graphalloy 
eliminates the meniscus drag of oil-lubricated bearings. Because friction remains 
constant over wide swings in humidity, Graphalloy excels as a clutch-facing 
material. 


3) At _ Low Temperatures, Graphalloy Bushings have no lubricant that will 
solidify. In oxygen pumps there is no oil to form an explosive mixture. 
Graphalloy exceeds MIL specifications (operates to minus 400°F). 


SUBMERGED APPLICATIONS — 

Cleaning, pickling, plating, scrubbing, galvanizing, dyeing. 

Pump bushings and seal rings, step or foot, conveyor, or roll bearings . . . sub- 
merged in water, gasoline, acids, dyes, or food products and pharmaceuticals. 
(Graphalloy is inherently stable...no swelling in submersion.) 


SPECIAL HIGH SPEED APPLICATIONS 


Up to 100,000 RPM, where some extremely low viscosity lubricant other than 
oil is used . . . such as air, water, gasoline or steam. 


temperatures. 
dicates that, 





* GraPHALLoy is the Registered 
Trade Mark for our unique products 


GRAPHALLOY BUSHINGS 


THEY'RE 
SELF-LUBRICATING 


WORK WHERE OTHERS WON'T — Typical Graphalloy Applications. 


At Hicu Temperatures: Ovens and Kilns Dryers * Stokers « Conveyors 
¢ Turbine ety gs * Pulleys and Sprockets. 

x Mepium TEMPERATURES: Bushings for Instruments, and for Textile, Printing, 
‘ood and Dairy Machinery * Pump Bushings and Vanes * Inaccessible 
Bushings as in blowers and fans « Foot and Guide Bearings, Thrust Washers, 

Cam Rollers, Piston Rings, Seal Rings, Rotary Joints, Friction Discs, Process 
Equipment. 

At Low Temperatures: Oxygen Pumps * Futentiometers * Timers * Outdoor 
Signal Equipment ¢ Airborne Servomechani 





ENGINEERED WITH PRECISION TO YOUR DESIGN 


e PILLOW HANGER 

BLOCKS BEARINGS 
Self-aligning or 
rigid, split or solid 


bushing and block. Send for 
literature. 


a 
© METAL- : SPECIAL 
BACKED , TYPES 
BUSHINGS | Metal-backed bush- 
' ings . . . for spider- 
‘ type construction 


Por slip fit installations. 


Ds 


' 
' 
‘ 
a 
’ 
For ovens, oven con- 
' veyors, dryers, kilns. 
’ 
7 


Send jor Bushing Inquiry Form 107A and descriptive literature. Our 
br appiication experience is available to solve your problems. 


GRAPHITE METALLIZING CORPORATION 
1022 Nepperhan Avenue, YONKERS, NEW YORK / 





It’s a constant-force spring. A new basic mechanical 
component. A coiled band which extends many times 
its original size without the increasing force common 
to conventional springs. Now being used as an exten- 
sion member, a motor, band, clamp, or clip, it upsets 
all previous spring principles. It does what springs 
have never done before. 

Do you want a NEG’ATOR constant-force spring to 
test for yourself? Write us, on your letterhead, and we 
will send you, free, a 30-inch long sample spring with 
a force rating of approximately % pound. 





®Trademark for Hunter’s non-cumulative force spring. 


HUNTER SPRING COMPANY 
A Division of American Machine and Metals, Inc. 


5 Spring Avenue, Lansdale, Pennsylvania 
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VALUABLE 
REFERENCE 


BA once 


Leov.wr-Ganeke 


Hundreds of NEW ITEMS 


ALL NEW — Complete specifications and cost saving data on 
over 2000 “Standards”, including world's largest line of work- 
holding equipment, chuck jaw blanks, handles, knobs, wheels, 
strap clamp assemblies, forged items, plus hundreds of other 
jig and fixture components, Detailed specifications, engineering 
drawings. The one complete source for data on all the “stand- 
ards” for tool, die, jig, and fixture design and application. 
Write for your FREE copy today. 


JERGENS TOOL SPECIALTY CO. 


Dept. PE-9 712 E. 163rd St., Cleveland 10, Ohio 
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Some Reasons Why 


DURA 


MECHANICAL 


SEAL 


is the Best to Buy 


means successful sealing of corro- 
sive, volatile or abrasive conditions. 


meets the widest range of pres- 
sures, temperatures and liquids. 
QI ZAI 


Soratet wile ” teare 


is easy to install — application canbe 
made on your present equipment. 


’ DURA ® j SEAL | 


eOrates ete tare 


parts are interchangeable, provid- 
ing economical operation on mul- 
tiple applications. 

—_ = ad 

. DURA ® ; SEAL 


foratet vite 


is repairable —replacement of worn 
parts restores service and protects 
your investment. 


work of Sales & Service Offices 
For information on types of Dura 


Seals to meet your sealing needs, 
write for copy of Catalog No. 480PG. 


DURAMETALLIC CORPORATION 
KALAMAZOO, MICHIGAN 
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catalogs and bulletins continued 


(F-97) Sealed Ball Bearings—Brochure, 4 
pp. Presents ball bearings under 2 in. OD 
with seal made of synthetic rubber bonded 
to metal. Marlin-Rockwell Corp, 402 


Chandler St, Jamestown, NY 


(F-98) Instrument Ball Bearings—Bulletin, 
+ pp. Describes precision bearings with 
2750 to 0.5000 in. OD. Miniature Pre 
Precision Park, Keene, 


ision Bearings, Inc, 
NH 


Brochure, 32 
of jobs handled by 


(F-99) Transients Recorder 
pp. Tells 


machine 


ase histories 
recording up to 36 channels 
Can reccrd high transients 
Heiland Div 


R gulator Co 52 \ I 


frequency 
Minneapolis-Honeywell 
Evans Ave, Denver 


Brochure 

designing for rng 

pecifications, seal di 
Minnesota Rub 


ipphi ations 
3630 Wooddale Ave, Minneapoli 


F-100) Rubber Seals 
id 1 guide fi 


s rubber 


(F-101) Oil Seals—Catal 


data on materials, sel 


tion tactor and 

springloaded 
Federal-Mo 
Redwood Cit 


nensions of springless and 
lesigns. National Seal Di 
gul-Bower 


Cal 


Bearings, Inc, 


(F-102) Wheels and Casters 
pp. Casters range from light duty to 
industrial types 


Catalog, 4 
heavy 
Tires are made of rubber 
teel, molded plastic The Neilson Wheel 
Co, 1603 N 27 St, Milwaukee, Wis 


Dp 


(F-103) Ball P] 


Lists 27 series of radial and thrust bear 


Bearings—Catalog, 40 


ings. Includes bearing selection, uses and 
ratings. Nice Ball Bearing Co, 30 St & 
Hunting Pk Ave, Philadelphia 


(F-104) Digital Instruments—Catalog, ( 


pp. Gives specifications for read-out di 


play voltmeters, ratio meters and ohm 


meters. Also describes accessories for in 
tegrating instruments into automatic data 
recording systems. Non-Linear System 


Inc, Box 728, Del Mar, Cal 


(F-105) Miniature Bearings—Catalog, 4 
pp. Gives dimensions and load ratings of 
bearings 
North 

4400 


intered bronze sleeve and flange 
vith bores as small as 0.0550 in 
field Precision 


Austin Blvd, 


Instrument Corp, 


Island Park, NY 


Deals 
three 


(F-106) Cams 


theory and uses of two and 


Brochure, 12 pp 
with 
Gives design data and 
Parker 

Hart 


dimensional cams 
techniques lhe 
Franklin Ave 


manufacturing 
Hartford Corp, 65( 
ford, Conn 


(F-107) Precision Gears—Brochure, 4 pp 


Describes range of sizes and types of 
custom metallic or nonmetallic gears 
kins Machine & Gear Co, Circuit 


W Springfield, Mass 


How to 
improve 
equipment 


... Add a supplementary 
light and you might 
well have the answer 


Proper illumination of work areas is 
a necessity if operators are to get the 
most out of equipment. Stocker & Yale 
and O. C. White supplementary lights 
give the illumination they need . . . clear, 
concentrated, high level, glare-free. And, 
too, these lights add a profitable selling 
feature at very little extra cost. 

There’s a Stocker & Yale or O. C. 
White Light just right for every require- 
ment: standard or special * fluorescent 
or incandescent * choice of arms, bases, 
switches, ballasts, reflectors * available 
with optically ground magnifiers * sealed 
units for protection against dust, oil, etc. 
* arms easily adjustable * advanced 
electrical and mechanical designs * high 
quality construction and manufacture. 


Engineering Assistance — on spe- 
cial applications, or where you have a 
problem, let our engineers provide the 
answers. 


O. C. White Lights distributed nationally by 
O. C. White Sales Co., Marblehead, Mass. 


STOCKER & YALE 


Lite-Mite Lights — O. C. White Lights 
Want [] Catalog of standard lights 
Details? Special requirement outlined 

in letter 
Just clip to your letterhead, sign and mail to: 
STOCKER & YALE, INC., 46 Green St., 
Marblehead, Mass. 
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- fo — e 
7 Joho THE STRAIGHT 


when it’s a 


QUESTION of #% Be ‘oon Ticker: 


cena: JOIN THE 
PACKINGS ‘ CAMPAIGN 
~~ WASHERS FOR spaeone — , 
gare a = ae 
“S SHIMS, SEALS of, ae the ANSWER PROFIT! & yn 
oe. will be found Are your “encumbent” bearings spending 


ee 

at AUBURN more of your profits than necessary: — 
a lled “anti-friction” bearings cost m«¢ 

yey ‘oday is election 


r i ede jo the job. 7 ty : 
We fabricate — — ae to the TRIANGLE 
rt, economical self-aligning 


in over 200 * PARTY'S reliable, re-elected tert- 


coe ar ay od wey - wufacturers. 
; after-term by leading mat 
'@) materials «THE TRIANGLE PLATFORM — 
= \X%7 QUALITY IMPROVEMENTS 
Leather - Asbestos - Nylon - Vinyl . Teflon - Silicone Rubber . Neoprene . Rubber 


Cork - Fibre . Compositions - Phenolics . Cloth . Felt . Paper . Cardboard . Plastics NY ’ COST REDUCTIONS 
Brass . Steel - Copper . Aluminum - Kel-F - Viton A - Mylar - Other Special Materials WW SERVICE RELIABILITY 


Send specifications or blueprints for prompt 


c 
quotations and recommendations. No obligation. TRIANGLE Manu FACTURING Co. 
730 Division 5t., Oshkosh, Wis. 
THE AUBURN MANUFACTURING CO. . > 


307 Stack St., Middletown, Conn. 


New York, N. Y.; Rochester, N. Y.; Detroit, Mich Chicago, III.; 
Minneapolis, Minn Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood N. 5.3 
Atlanta, Ga.; Memphis, Tenn.; St. Louis, Mo.; Washington, D. C, 
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_ SCHNORR 
LOWELL ON Disc Springs — 


REVERSIBLE RATCHET 


a \. of ELIMINATE: 
designed to solve Yow problems . \ FATIGUE 


3 SETTLING 
Speed of operation, simplicity of 9) . CREEPING 


ratchet control, great strength 





these are three big reasons why ma- : SCHNORR SPRINGS PROVIDE 
chinery designers write Lowell Re- UNLIMITED LIFE! 


versible Ratchet Wrenches into their Create ‘eats aiiiitiilitea alae 
specifications. 
® ADJUSTMENT— 

SCHNORR SPRINGS provide different pres- 
P P sure and deflection with exacting adjust- 
@ Remote or conventional reversing t ALL FROM ONE SIZE 

ental : © COMPACTNESS— 


Great power is concentrated in a very small 


y © ABSORPTION— 

» Handles any length up to 6 ft. Dampens impacts and minimizes § after 
scillation 

. . } This Niagara double * VERSATILITY — 
* Socket openings any size or : : crank gap frame press SCHNORR SPRINGS can be easily adjucted 
to provide a varied range of spring pres 
sures and deflections. The springs Ay also 

uses a special built-in | be stacked to provide multiple force 

Lx Nl Se 0 Ww : ® SPECIALIZATION— 
: t ywell Series 20 rench for SCHNORR DISC SPRINGS may be ob 
quality performance. quick adjustment of the slide. tained in a variety of sizes for specialized 
tasks. WODEL K is especially adaptable to 
eliminate noise and play in ball bearings 


shape. 


for long die area work 


@ Engineered for 


WRITE TODAY FOR TECHNICAL DATA Further Information and Literature on 


SCHNORR DISC SPRINGS is available from: 
LOWELL WRENCH CO. | (5300) 20%. Geo nie 

© | KARL A. NEISE, INC. NEISE 
89 Temple Street Worcester 4, Massachusetts | Dept. PED-20, 404 4th Ave. BL ViT reeanmna) 9 
| New York 16, N. Y. 
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catalogs and bulletins continued 


(F-108) Fine Pitch Gears—Brochure, 4 pp 
Provid 1 general discussion of definition 
rms and dimensional tolerances for 
rcial and precision fine-pitch gear 
ision Gear Co, 1926 Placentia 
Mesa, Cal 


(F-109) Bronze Bearings—Catalog, 12 pp 
Describ graphited and plain  bronz 
bushings; cored and solid bronze _ bars 
Explain ibricating from r | 

ing graphite as wick. Randall Graphite 
Bearings, Inc, Box 839, Lima, Oh 


(F-110) Pillow Blocks—Catalog 

Contain limension design data 
hoosing graphited pillow block bearing 
bearing irtridges, safety ollars and 
mounting grommet Randall Graphite 


Bearings, Inc, Box 839, Lima, Oh 


(F-111) Servo-mechanical Parts—Catalog 
31 pp. Gives dimensional standards, speci 
heation md = applications for precision 
lass II gearing, dials, differentials, limit 
stops and other servo breadboard parts 
Reeves Instrument Corp, Garden City 
NY 


(F-112) Magnetic Clutches and Brakes gE. 
Catalog, 8 pp. Gives dimensions, physical 


and electrical sepcih ations for imstrument 


types. Reeves Instrument Corp, Garden 


City, Ni A VERSATILE, ECONOMICAL 
(F-113) Gyros—Brochure, 32 pp. Explains 
theory onstruction and applications ot MATERIAL WHITH OUTSTANDING 


single degree of freedom, floated gyro: 
5 4 


ind accelerometers. Reeves tll ENGINEERING ADVANTAGES 


Corp, Garden City, NY 


(F-114) Shock Mounting—Brochure, 4 pp 


Shows some of company’s shock and vi 


I 3 oO oO 7 SIZ ¢ ie 
ation mounting designs. Includes a vi @ LOW DIELECTRIC LOSS @ LOW THERMAL CONDUCTIVITY 


brations nomograph. Robinson ‘Technical 
Products, Inc, Teterboro Air Terminal @ HIGH CHEMICAL RESISTANCE @ OPTICAL TRANSMISSION (INFRARED & ULTRAVIOLET) 
leterboro, NJ 


@ MELTING POINT - 2040°C @ POROSITY -0% e@ HARDNESS - Moh 9 


(F-115) Oscillograph Recorders—Data 

folder, 40 pp. Describes 4 to 32 channel The physical and optical properties of synthetic sapphire* make it 
recorders, high speed optical x-y recorder, ideally suitable for applications requiring hardness, resistance to wear 
other models and accesssories covering a and chemical attack, high temperature stability, infrared and ultra- 
wide range of applications. Sanborn Co, violet transmission, or excellent insulating characteristics 


175 Wyman St, Waltham, Mass ; : “fia ree d 
With the highly specialized facilities of the Industrial Sapphire 
: en Fransducers—Data sheets PP Company synthetic sapphire can be shaped to nearly any desired 
rnishes c at for transducers 7 f : 
Urnishes © specencations ee form, and mechanically or flame polished to an exceptionally smooth 
measuring linear velocity or displacement, . : : 
surface. It can be bonded to metals, glass or ceramics. Present appli- 
cations include, tape, thread and film guides, electronic tube parts, 
relay parts, light pipes, bearings, wear plates, insulators, windows 
(F-117) Magnetic Shaft Seals—Brochure, 4 and lenses for industrial and military equipment. With more than 
‘ 7 h use 1 , . ° ° ° ° . 
pp. Shows ss seals which use mag tweive years of experience in fabricating synthetic sapphire, Indus 
netic for insteac f wings to mau . ~ : . ° Ps . ‘ 
ee ee oe omer trial Sapphire Company can provide qualified engineering assistance 


tain rubbing contact. Magnetic Seal Corp, Sor your most exact! . ts 
166 Bay Spring Ave, W Barrington, RI ‘ + CSRS COrenaers. 
* Linde” Synthetic Sapphire 


pressure or pressure differential. Sanborn 


Co, 175 Wyman St, Waltham, Mass 


(F-118) Ball Joints—Brochure, 12 pp. De 


scribes types for mechanical linkages; Eg 

throttle, transmission and steering con i NDUSTR IAL APPHIR COMPANY 
trols. Superior Ball Joint Corp, Trier Rd COMPLETE FACILITIES FOR FABRICATING ALL HARD MATERIALS TO YOUR EXACT REQUIREMENTS 
Ft Wayne, Ind P.O. Box 422, Quakertown, Pa. Phone: KEystone 6-3500 





continued 
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for all your |wire cloth] needs 


Industrial Wire Cloth, Metal Filter Cloth, 

Wire Cloth Fabrications— 

Michigan Wire Cloth has them ALL. 
SHIPPED FROM 
STOCK FOR 
PROMPT SERVICE 





Over 170 Standard grades in a wide 
variety of weaves and metals immedi 
ately available. Full facilities for quick 
delivery of non-stock items 


CUSTOM MADE 
TO YOUR EXACT 
MEASUREMENTS 


Controlled production from raw 
material to finished product plus 
specialized engineering and labora- 
tory services assure meeting your 
exact specifications. 


Michigan draws the wire, weaves the cloth, fabricates 
the part in one continuous production line 
= MICHIGAN 
CATALOG. WIRE CLOTH 
DETAILED COMPANY 

INFORMATION 


2116 Howard Street, Detroit 16, Michigan TAshmoo 6-6500 
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MARSH 
MAKES IT! 


If it’s a pressure gauge or dial ther- 
mometer, Marsh makes it ... and makes 
it better. The types, ranges and case styles 
are endless. What is “special” to other 
instrument makers is often standard to 
Marsh. To know the scope of Marsh 
instruments— 


| — 
repair—..__ 


EL DK D> 
— 


costs" 


on instruments and Controls 


Unique, all-metal construction out-performs 
rubber (soaks up shock and vibration from 
all directions) and outlasts rubber, too (un- 
affected by dirt, abrasive grit, oils, corrosive 
atmospheres). Available in plate and cup 
types to handle loads up to 35 lbs. per mount. 


Actual Equiflex installations have saved 
as much as twice their own costs in a single 
year by reducing repair costs for instrumen- 
tation and control equipment. 


full details on request 


~, 
w 
+ 
YS 


See 
The UCINITE ‘”® 


COMPANY 


Division of United-Carr Fastener Corp., 
Newtonville 60, Massachusetts 


Write for 
this 
fact-filled 
catalog 


MARSH INSTRUMENT COMPANY, Dept. 39, Skokie, til. 


ad 
Division of Colorado Oil and Gas Corporation a 


Marsh instrument & Valve Co. (Canada) Ltd., 6407 103rd St, Edmonton, Alberta 
Houston Branch Plant, 1121 Rothwell St., Sect. 15, Heuston, Texas 
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catalogs and bulletins continued 


(F-119) Way Bearings, Lead Screws—Two 


bulletins, 6 pp. Gives capacities and 


dimensions of recirculating roller 
bearings Also recirculating ball lead 
screw. Scully-Jones & Co, Special Products 


Div, ] 28 S Rockwell St, Chicago te} 


type 


(F-120) Bellows Seals—Bulletin, 4 pp. De 
a face type seal with wide tempera 
Sealol, 


scribe 5 


ture latitude Inc, Providence 5 


RI 


(F-121) Mechanical Seals 
De SC ribe s 


pressors, other 


Bulletin, 1. pp 


seal suitable for pumps, com 
equipment in petrochemical 


and high temperature service. Sealol, In 


5, RI 


Providence 


(F-122) Bulletin, 8 pp 


Provides dimensions of face type seal and 


Mechanical Seal 


recommended dimensions of utilizing 


equipment Sealol, Inc, Providence 5, RI 


4 pp. De 


pre ssure 


(F-123) Transducers—Brochure, 


scribes _ pressure transducers, 
translation 


Inc, 


switches and potentiometers 


Instruments, 640 Terminal 


osta Mesa, Cal. 


Servonic 
Way, ¢ 


(F-124) Latches—Catalog, 30 pp. Presents 


1 drawing aid with housings and fittings 
arranged interchangeably on facing pages 
Simmonds Aecroc Whit 


Plains Rd, ‘Tarrytown, NY 


CSSOTICS In 105 


(F-125) 


materials 


Belleville Springs—Catalog 
xplanation of 


Mfg 


Gives standards 
vith spring washers. Solon 


S Milk Rd, Solon 


esigning 


Brochut 


ised in 


(F-126) Test Laboratory 


pment jual 


minenta and 


F-127) Inertial Guidance Test Equipment 
+ pp. Rate 
ngs. Other equipment in 


turntables ha 


ts, computer and data 1 
ounters, acce Sterling Prec 
Corp, Instrument Div, 17 Matinecock A 
Port Washington, NY 


SOTICS 


(F-128) Test Equipment 
Brochure, 24 pp 
solid-state ele 
raft 


iutomatically 


Automutic 


Explains operation 


tronic equipment for mis 


siles, airc ground electronic equipment 


which administers pro 
ords and analyzes results 
irlson Div of General Dy 


) Carlson Rd, Rochest 


grammed test, rec 
Strom berg-¢ 
namics Corp, 10( 
NY 

(F-129) Rubber and Bushings 
Catalog, 12 pp 
instrument mounts, bushings and bearings, 


Mounts 
Describes machinery and 
all using rubber between inner and outer 
metal sleeves. The Tire & Rub 
ber Co, Industrial Div, 1218 
Garfield St, Wabash, Ind. 


General 
Products 


continued 
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THAT'S OUR “CUP-OF-TEA” AT STONER! We take the tough jobs other companies 
won't do or can't do! Our team of Rubber Chemists and Production Engineers 
like the challenge of helping you solve your problems. 
Maybe you have a close tolerance job; barrier problen 
bonding problem, etc. We invite your blueprints for 


Write for our 
new 24 page 


tllustrated catalog 10792 


REPRESENTATIVES PHOENIX 


owe & Howe 


4328 North 42nd Pi 


DALLAS |. M. Horris 
P.O. Box 593 


quotation or recommendation. 


TONER RUBBER COMPANY, INC. 


Knott Ave., Anaheim, California 

oe) 
med) | 
<e +/ 


Ce 


A subsidiary of CARLISLE CORPORATION 


SEATTLE 
r : 


Terminal Annex Bldg 1 
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ASSURED SELF-LUBRICATING SECURITY 


wre LUBRITE™ 


et ed 


Moterels Mending Lavioment Peper, food 


& Conveyor Systems 


Lubrite self-lubricating bearings offer great versa- 
tility in hundreds of fields where dependability 
and superior performance are of prime importance. 


Lubrite Bearings, with clean, permanent. 
maintenance-free self-lubrication are designed 
to withstand severe loadings, temperature ex- 
tremes, submersion. corrosion and other adverse 
conditions. 


Lubrite may be just the bearing you need in 
your designs to obtain better results. 


Consult our Engineering Department on your 
application. No obligation. 


Indvetre! Mockery 


y 
emg Plonts & Textile Machinery 


ubricating BEARINGS 


Overpowes & 
Strocteres 


re Gote Beorings 
end Accessory Equipment 


Puober 


Send for this free 20- 
page Lubrite Manual No 
55—it contains complete 
information, technical data 
and specifications about 
Lubrite Self-Lubricating 
Expansion Plates and 
Bushings. Write today! 


Available now — New Manual No. 56 
with complete technical information about 
LUBRITE SELF-LUBRICATING BUSHINGS, 
BEARINGS & WASHERS. 

Write tor 





your copy. 


LUBRITE DIVISION 


MERRIMAN_ 8B 


195 AMORY STREET, BOSTON 30, 


ROS., INC. 
MASSACHUSETTS 
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775 7 REFERENCE 
CATALOG 
Tru-Loc Wire Rope 
Assemblies 








Standard Tru-Loc Assemblies 
provide compact, efficient 
connections at less cost! 


e@ Use this 28-page reference catalog to help simplify 
many tough design problems. See the variety of 
Tru-Loc Assemblies possible with Preformed wire 
rope and swaged fittings. They cut costs, simplify 
assembly, save space and improve the appearance of 
products. Send for your FREE catalog today and find 
out how one or more of these assemblies will fit your 
specific requirements. Catalog contains photographs, 
engineering drawings, dimensions—and it’s all been 
clearly condensed and charted for easy reference. 


FILL IN COUPON BELOW AND MAIL TODAY! 
American Chain & Cable Company, Inc. PE 
Wilkes-Barre, Pennsylvania 

Please forward my free copy of your New 28-page catalog 


TL-500 on Tru-Loc Wire Rope Assemblies 


Name 





Company 





Address 





Zone State 
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When it’s a 


Question of 
~ RINGS in any material or 


special compound for every 
service condition required, 


PACKINGS to your specifications 


in leather, synthetics, 


Also gaskets and asbestos, teflon, etc. 


washers in over 
200 materials... 


Look for 
the Answer at Auburn-= 


Send us your specifications or blueprints. You'll receive 
prompt quotations and recommendations without obligation 


THE AUBURN MANUFACTURING CO. <> 
307 Stack St., Middletown, Conn. — 


New York, N. Y.; Rochester, N. Y.; Detroit, Mich.; Chicago, Iil.; 
Minneapolis, Minn.; Pittsburgh, Pa.; Cincinnati, Ohio; Ridgewood, N. J.; 
Atianta, Ga.; Memphis, Tenn.; St. Louis, Mo.; Washington, D. C. 
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USE 
THE 
READERS’ 
SERVICE 
CARD 


for: 
additional product 


information 


copies of catalogs 


& bulletins 
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Se Lee 


Eliminate expensive 
machining and fitting 
with 
NEW GILLEN 
Hardened Spring Steel 
TENSION 
BUSHES 


Self-Seating - Self-Fitting 


Long Wearing- Economica! 


ARROW SLOT 


SLANTED SLOT 


Gillen Tension Bushes are 
designed for heavy thrust 
loads and low rpm oscillating 
movement, or wherever 
lubrication is impractical. 


Write for complete information 
JOHN GILLEN COMPANY 
subsidiary of 
STANRAY CORPORATION 


2566 South 50th Avenue 
Cicero 50, Illinois 


4 


& DOWEL PINS - MACHINE KEYS & PARTS 


, 
. 
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catalogs and bulletins continued 
(F-130) Sealed Bearing—Bulletin, 4 pp 
Sleeve } 


Charts show 


bearing holds oil supply in wick 


sizes and life expectancy un 
der varying temperatures, loads and speeds 
lann Bearing Div, Tann Corp, 3750 I 


Outer Dr, Detroit 34 


(F-131) Temperature Indicating Crayons 

Brochure, 6 pp. Lists crayons for 113F to 
2500F range; lacquer for 113F to 25001 
range; pellets for 100F to 2700! 


lempil Corp, 132 W 22 St, NYC 11 


rang¢ 


(F-132) Impact Tester—Brochure, + pp 
Portable 
of materials with high energy propellants 
such as lox, hydrogen peroxide Thiokol 
Reaction Motors Div 
NJ 


machine tests impact sensitivity 


Chemical Corp, 
Ford Rd, Denville, 


(F-133) 


5 pp 


Nylon 


Presents advantages of 


Bearings—Catalog 
this 


Lined 
+ 

type 
bearing, a nylon lined steel shell, and gives 
dimensions and load capacities. ‘Thomson 


Manhasset, NY 


Industries Inc, 


(F-134) Ball 


Provides specifications, 


Bushings—Catalog, 20 


PP 
installation data, 
and load ratings for linear motion applica 
tions. Thomson Industries Inc, Manhasset 


NY 


f 


(F-135) Roller 

labulates 

ing Speed, lift 
The I 


Bearings— Bulletin 
dimensions of heavy duty 


ind load 


(F-136) Mist Lubricator—Bull 


Explains ntralized tem 


Nuclear 
Describe 


Catalog 


instrument 


Instrumentation 
u fy 


enectrometers. detect mp 
mger ma ther I race ib In 


l'rapelo Rd, Waltham, Mass 


Tensile Testing Instruments— 


italog, 92 pp. Illustrates and describes 


1 wide range of machines and attachments 
determining physical propert 1] 
ids of rials lested 


de: tensile str 


mate pI 


: 
ngeth, elongatior 
s or fatigue, plasticity 

others 


RI 


ting ind 


\ den | 


139) Oil Seals—( 


tables of 


ata] g 
dimensions 
installation instru 


data and 


ither and rubber cased oi 


l'rostel Packings, Ltd, Lake Geneva 


Shows di 
and dynam 
Also 
groove and piston dimensions to guide de 
Acadia Svnthetic 4035 
Ogden Ave, Chi 


(F-140) Seals—Brochure, 4 pp 
for stati 


seals lathe-cut from polymers 


] 
mensions, tolerances 


gives 


Products, 


sign 


igo 23 
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mes =o Grease Seal Caster 


Sales Representatives in Leading 
Cities Throughout the Country 


Sold Through Quality Dealers 


DELRIN — 


et ie aa sa 7) 


= STOCK PARTS... Bearings, 

4% gears, rollers, bushings, 

LS) p) P glides, etc. Hundreds to 

é) aes choose from. Write for 

oe? ae catalog. 

SPECIAL PARTS . . . Molded 

S. 59% to your specifications from 

our patented, low-cost tool- 

OR ing. Send t | 

g. Send print or sample 
for prompt quotation. 

CHANCES ARE your product 

can be enhanced with the 

use of long-wearing, low- 

cost Delrin components. 


KX< of 
P. S. We welcome short runs. 
ah Ale) pat- til ome to 


MANUFACTURERS OF MOLDED DELRIN MECHANICAL PARTS 
469 WEST TRENTON AVE., MORRISVILLE, PA. 
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«++ designed to the exacting specifica- 
tions of the Bakery Industry Sanitation 
Standards Committee 


Grease sealed throughout 

to protect the swivel and wheel 
bearings from wet floor conditions or 
the effects of steam or hot water 
cleaning. Pressure grease fittings 
prevent entrance of moisture, 
dirt, lint, etc. Long wearing 
“‘neoprene”’ wheel resists oil, 
grease, and fatty acids. Easy to 
clean, with wide wheel clearances. 
Designed for 200# (per caster) 
load area. Top plate is standard 
4" x 4” with 3” x 3” hole spacing. 





Ve ®D jorvie ee. 


PALMER, MASSACHUSETTS 
In Canada: Jarvis & Jarvis of Canada, 1744 William St., Montreal, Que. 
CIRCLE 653 ON READER SERVICE CARD 


WE MOLD 


yi nd du 


eS a. ra 1s sez sea 


S STOCK PARTS . . . Bearings, 

~ gears, rollers, bushings, 

Ld \ » glides, etc. Hundreds to 

/ choose from, Write for 
catalog. 

SPECIAL PARTS ... Molded 
to your specifications from 
our patented, low-cost tool- 
ing. Send print or sample 
for prompt quotation. 

CHANCES ARE your product 
can be enhanced with the 
use of long-wearing, low- 
cost nylon components. 

P. S. We welcome short runs, 


eb Ale) aat-til ome to 


MANUFACTURERS OF MOLDED NYLON MECHANICAL PARTS 
469 WEST TRENTON AVE., MORRISVILLE, PA 
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catalogs and bulletins... .. continued 





= 
lessons in (F-141) Axles and Running Gear—Catalog, 


32 pp. Shows front and rear axles, brakes, 
wheels and other gear for trailers and 


READING equipment carriers. The United Mfg Co, 


5250 Dobeckmun Ave, Cleveland 2 


QUESTION: 


(F-142) Instrument Probes—Catalog, 20 
WRITING pp. Describes many types of temperature 
and = pressure probes, traversing units, 
mercury slip rings. Discusses formulae and 
REPORTING methods for their use. United Sensor & 
Control Corp, 122 Naubuc Ave, Glaston 
bury, Conn 


E atene f leatan o i (F-143) Fluid Flow Instrumentation 
o Swope Ww Jas er reading Catalog, 85 pp. Provides dimensioned 
drawings, curves for pressure and tempera 
ra steps to better enqineer- ture probes, rakes, gas sampling and 


traversing probes, traversing unit ind 
ing writing others. Discusses sample installations and 
; theory. United Sensor & Control Cory 

a 122 Naubuc Ave, Glastonbury, Conn 
7? steps to better oral re- 


(F-144) Fine Pitch Precision Gears—Hand 
porting book, 92 pp Presents tables of pur geal Giant 35-inch K-Seal for an Atomic Project 


48 to 200 pitch; bevel gears 48 to 72 pitch answer: 


As big as the job requires! And whether 
it’s machined for a giant 35-inch atomic 
: reactor or a Y% inch hydraulic missile 
plete text for each series, first pub- Bay State Rd, Wakefield, Mass pump, K-Seals deliver unsurpassed per 


servomotor gearheads; servomotor geal 


head assemblies Includes dimensions 
Combined reprint includes com- : : 
prices, specifications. US Gear Corp, 81 


, , , . formance 
lished one step at a time, in weekly (F-145) Motion Transducers—Catalog, 4 
pp Describes functioning of ac type dis 


issues of PRODUCT ENGINEERING. 


placement transducers. Provides data and 


" + } 
Now available in one package. uses for variable reluctance and differential 
transformer types. Vinson Engineering & 


Sales Corp, 5044 Woodley Ave, Van 


Reading series: basis for faster Nuys, Cal 
reading, phrase reading techniques, (F-146) Strain Gages— Bro hure + pp. De 
scribes strain gages, load cells, force gage 
pre-reading, reading environment, position transducer. Waldale Research Co 
Bs Inc, 362 W Colorado Blvd, Pasadena 
pace and purpose, the summarizing Cal Oo 
habit te : ~~ 
(F-147) Thrust Bearings—Catalog, 14 pp 
Provides curves of operating data, and K-Mini/Seals come in tiny sizes 


Writing series: how to revise, be dimensions of tilting pad type bearings up ADVANTAGES OF THE K-SEAL 
to 45 in. OD. Waukesha Bearings Corp 

346. Waukesha, Wis ® A maximum seal with unlimited shelf 

: . life and a useful temperature range far 

above and below that of elastic “‘O” rings 

® Designed for use with standord AN 

fittings or face-type flanges 
and accessories. Shows scope of uses in Made from corrosion-resistant metal 


positive, personal and concise; gram- Box 


moar and punctuation, illustrations (F-148) Recording Oscillograph—Bulletin 
rh : 16 pp. Gives details on basic oscillograph 
and organization; outlines ond first 


drafts recording transients. Electro Mechanical Reusable if reasonable care is used in 
Instrument Div, Consolidated Electro making and breaking the connection 


dynamics Corp, 260 Sierra Madre Villa FITTING 
PER AND 10056 


Speaking series: from ideas to Pasadena, Cal =" 
(F-149) Stellite Bushings, Sleeves—Bro ] 
chure, 12 pp. Outlines properties; illus 
ing notes, delivery, platform man- trates uses in corrosive or abrasive servicc 
Haynes Stellite Co, Div of Union Carbide 


Corp, 1020 W Park Ave, Kokomo, Ind 


outline, organizing the talk, prepar- 


ners; how to be a good chairman. 


(F-150) Electromanometer—Bulletin, + pp 
Each article is reprinted in full. 24 pages, Describes system of precision pressure 
$1, postage paid. Send orders with re balance and a servoamplifier to furnish TYPICAL INSTALLATION 


mittance to outputs suitable for visual readout, process 


8OSS ah 
PER AND 10050 STD. AN 6290 GASKET 


Write for our complete catalogue 
control or analog input. Transducer Di 


Consolidated Electrodynamics Corp, 360 HARRISON MFG. co. 


Reader Service Dept ; 
Sierra Madre Villa, Pasadena, Cal 2908 N. Noomi St Burbenk, Colit 


PRODUCT ENGINEERING 
330 W 42 St, New York 36 continued 
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DYNACO 
MASTER 


CATALOG 
F-128 


128 PAGES! 


LISTS OVER 
50,000 DYNACO 
COMPONENTS 
AVAILABLE 
FROM STOCK! 


MINIATURE, 
PRECISION: 
Gears 

Shafts 
Differentials 


Speed Reducers 
& Gearheads 


Transmission 





GEAR CO. INC. 
AMtTVVULCEe, 
N E W . oe es & 
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CHICAGO LOCKS 


Rugged and Reasonable for any Application 


Here are a few of the many precision-made 
Chicago Locks available. They’re engineered 
for maximum security — made of carefully 
selected and tested metals. And they empha- 
size attractive design and compactness. 

Whatever your needs, you're sure to find 
a Chicago Lock that’s perfect for your pur- 
pose .. . and priced right, too. 


*One of the ACE Lock line—Maximum security locks with 
the exclusive round keyway 


Write today for your FREE catalog showing, in detail, 
the entire Chicago Lock line. 





CHICAGO LOCK CO. 


N. Racine Avenue @ Chicago 14, Illinois 
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is vite“ NICHOLSON WELDED FLOATS 


(F-151) Test Facilities—Brochure, 8 pp 


Describes equipment and facilities for en- 

vironmental and shock, acceleration and —— a 

other functional testing of aircraft and mis 

ile components and systems Wyle ys x 
Parameters, Inc, 195 Herricks Rd, New 
Hyde Park, NY \ ‘ 


(F-152) Environmental Test Equipment— 
Catalog, 26 pp. Machines simulate tem- 
perature, altitude, humidity, vibration, 
shock and combinations of these. Most 
equipment is portable. Wyle Mfg Corp 
133 Center St, E] Segundo, Cal 


(F-153) Instrumentation—Brochure, 4 pp 
Describes instrumentation and accessories 
for shock and vibration, high intensity 
sound, pressure, temperature and others 
Guilton Industries, Inc, Guilton Instru 
mentation Div, 212 Durham Ave, Me 
tuchen, NJ 


(F-154) Sliding Journal Bearings — Bro 
chure, 4 pp. Gives a general idea of cen 
trifugally babbitted journal, thrust, self 
aligning and other type bearings company 


makes. Waukesha Bearings Corp, Com for buoyancy mediums 


merce & Pearl Sts, Waukesha, Wisc 


(F-155) Small Parts — Bulletin, 10 pp fluid chambers... pressure vessels 


Shows variety of zinc alloy die cast and 

thermoplastic molded parts. —_Includes Precision welded, these floats give long, trouble-free service under 
gears, bobbins, fasteners, clamps, ferrules pressure or corrosive conditions for which they are specifically made. 
and many others. Gries Reproducer Corp, That’s why they’re second to none for real economy. Spherical, 
159 Beechwood Ave, New Rochelle, NY elliptical or cylindrical . . . for working pressures up to 2500 Ibs. 
Diameter sizes from 2” to 14”. Walls uniformly thick because float 
halves are die formed . . . not spun, laminated or electro-deposited. 
Annealed to prevent cracking. Seams all butt welded. Steel floats: 
chromium, cadmium or copper plated. Also available unplated, with 
sandblast or pickled finish. Stainless Steel and Monel floats: rough 
buffed, polished or with smooth, highly finished welds. Let’s tell you 
more about these high tensile strength floats. 


(F-156) Roller Bearings—Catalog, 97 pp 
Provides tables of dimensions along with 
drawings and typical installations. Includes 
radial, thrust and self-aligning bearings, pil 
low blocks and some equipment using these 
bearings. Messinger Bearings, Inc, D St 
above Erie Ave, Philadelphia 


(F-157) Lightweight Ball Bearings—Cata 
log, 12 pp. Furnishes tables of dimen 


This Coupon Brings You Informative 
ID’s from 2 to 60 in. Includes load and Bulletin On Floats 


sions and load ratings for bearings with 


life calculations. Messinger Bearings, Inc, 


D St above Erie Ave, Philadelphia Bulletin 753 contains facts on steel, stainless steel and mone! floats, 


information on float connections, tables showing weight, buoyancy and 
(F-158) Self-lubricating Products—Catalog, collapsing pressure for spherical floats for all gauges . . . also volume 
60 pp. Describes bushings, bearings, pil and buoyancy data. Fill in and mail this coupon for your copy. 

low blocks and slip-ring assemblies using 

a self-lubricating combination of graphite Name________—_ 
ind various metals. Includes material chat 





acteristics and bearing design data. Graph I ecieteecinenieanl 


ite Metallizing Corp, 1024 Nepperhan 
Ave, Yonkers, NY Company_____ 





(F-159) Self-aligning Bearings—Catalog, 40 Street —____—— —_— : - ——— 


pp. Drawings accompanied by tables give 


City a ~—s : ee) ll eee 





dimensions and load ratings. Bearing bores 


go up to 6 in. Includes rod ends with W. H. NICHOLSON and COMPANY 
self-aligning bearings. Southwest Products 
Co, 1705 S Mountain Ave, Monrovia, Cal 12 Oregon St., Wilkes-Barre, Pa. 


(F-160) Seals—Brochure, 4 pp. Spring 

loaded shaft seals are for corrosive as well Cc 

as noncorrosive liquids and slurries. Chem i Hi © LS Oo Ni 
ical & Power Products, Inc, 11 Broadway, 

NYC 4 


of Wilkes-Barre 
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need these advantages? 


FRICTION REDUCTION 
SMALL SIZE 

LONG LIFE 

CORROSION RESISTANCE 
DRY OPERATION 
NON-MAGNETIC MATERIAL 
REDUCED COST 


e 
YOU CAN HAVE THEM ALL WITH... Pe BEARINGS 


Designing moving parts for instrumentation, or miniaturized mechanical components? They'll move more easily 
more accurately if they move on Bird Jewel Bearings. The inherent advantages of Bird Jewel Bearings . operation 
without lubrication through great temperature extremes... resistance to corrosive fumes and liquids. . . adaptability 
to many mounting arrangements . . . make them uniquely suited for the most advanced design concepts. And 


compared to other types of bearings, Bird Jewels are substantially more economical with a plus dividend of long-life 


reliability that eliminates maintenance problems. 


BIRD COMPLETE JEWEL ASSEMBLIES e Special mounting techniques, under stringent quality control, provide as 
semblies to exact tolerances, in screws or bushings of any style, ready for assembly in your product. Complete assem 
blies save time and money, cut rejects, keep production flowing smoothly. 


BIRD CUSHION JEWEL ASSEMBLIES e Add shock protection to any instrument for only pennies. Variable cushioning 
of silicone rubber or spring to suit different operating conditions controls movement, eliminates waste due to poor 
bearing adjustment in mounting. 

PRE-DESIGN WITH OUR ENGINEERING STAFF e Before design drawings are made, why not discuss your bearing 
problems with our staff? A simple sketch incorporating pertinent specifications will enable our staff to recommend 
the proper glass or sapphire jewel bearing to meet your needs — whether a ‘‘stock’’ size or custom assembly. Prompt 
quotations and delivery data will be yours — without obligation of course. 


New Catalog Available containing a complete description 
of properties and uses of jewel bearings — Write for your 
copy today. 


J 
RICHARD H. itd CO., INC., 1 SPRUCE STREET, WALTHAM 54, mass. fering industry with fine jewels since 1913 
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FASTENING © 
AND JOINING 


Design Abstracts 


How to Design for Blind Riveting 
by Charles E. Heilig, Jr. 


How Rings Aid Design 
by Howard Roberts 


Fastener Torque: How Much? 
by John A. Stevenson 


18 Ways to Join Honeycomb Panels 
by Frank J. Filippi and Boris Levenetz 
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FASTENING AND JOINING 


(eee aod ae 


-DDES 


i CA es bs. Se 


ULTRASONIC WELDING 
OF ALUMINUM 


In this process, high-frequency elec 
trical energy is converted to ultrasonic 
mechanical energy, which introduces 
shear vibration between the parts be 
ing joined. A solid-state metallurgical 
bond is produced over about half the 
the 


being a mechanical bond 


width of weld with the balance 

Aluminum 
alloys in gages from about 0.00025 to 
can be welded to themselves 
Ultrasonic 


welds in annealed aluminum are com 


0.125 in 
is well as to other metals. 
parable in strength to resistance spot 
heat 
ultrasonic 


welds. In  cold-worked and 


treated sheet, however, 
welds are much stronger because they 
do not contain any low-strength cast 
or heat-affected No 


preparation is required except for the 


zones surface 
removal of heavy annealing or heat 
treating films. 

Welding conditions vary 
ranging from less than 100w for 0.01 
sec when welding thin foil to 4000 
when 


greatly, 


for several seconds welding 
0.090-in. sheet. By far the most im 
portant joining condition is the ultra 
sonic frequency, which must be closely 
tuned to the resonant frequency of the 
welding array to obtain strong joints 
‘Ultrasonic Welding of Aluminum,” F. R. Col- 
lins, J. D. Dowd and M. W. Brennecke, Alcoa 
Research Laboratories, New Kensington, Pa 


Welding Journal, October 1959, 20th and 
Northampton Streets, Easton, Po 


* 


Welding Nodular Iron 
Castings 
Many 


written concerning the weldability of 


excellent articles have been 


cast-iron materials. In general, how 


ever, preheats over 1000F and in 
volved procedures have been recom 
mended which present difficulties to 
welder when large 
As a result of tests 
that sound 


the production 

parts are involved. 
it has 
can be produced in restrained joints 


been found welds 
of nodular cast iron or gray cast iron 
the 


with the commercially available 55Ni- 


using shielded metal-are process 
45Fe electrodes and a preheat tem 


perature of 600F. 
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IGN ABSTRACTS 


ream 


lhe 
found for producing welds with a 
minimum of porosity was one which 


most satisfactory technique 


employed a stringer-bead technique 
using an arc length of about #% in. A 
minimum amount of weld penetration 
is desirable and necessary to obtain 
porosity-free welds 

“Process Welding of Nodular and Gray Iron 
Castings,” Townshend and Ellis O 
Porter. Welding Journal, August 1959, 20th 
and Northampton Streets, Easton, Pa. 


Benjamin 
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Foil-seam Welding 

A foil-butt-seam weld is 
butting together the edges of the parts 
to be joined and passing this joint be 
tween roller electrodes in the conven 
tional manner except that a thin, nat 


made by 


row strip of steel is introduced above 
and below the joint as it enters the 
roller electrodes. This strip or foil 
is usually 4 to # in. wide and 0.010 
in. thick. The primary functions of 
the foil that it: 
centrate the welding current in the 
immediate area of the weld joint; con 
tains the plastic weld metal and pre- 
vents expulsion; serves as a bridge to 
distribute the welding current evenly 
between the two sheets; prevents too 
rapid withdrawal of heat from the 
work; gives a slightly raised weld bead 
as opposed to the excessive indenta- 


are Serves to con- 


tion at the joint line experienced with- 
out foil; offers a slight resistance at the 
weld line thus contributing to weld 
ing heat 

“Butt Welding Steel Sheet by the Foil-seam 
Process,” L. W. Mecklenborg, Precision Welder 
& Flexopress Corp, Cincinnati, Ohio. Welding 
Journal, January 1960, 20th and Northampton 
Streets, Easton, Pa 
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Furnace Brazing Techniques 


Furnace brazing consists of heating 


an assembly of metal parts in a furnace 
in a reducing atmosphere. A brazing 
medium of proper shape and analysis 
is placed adjacent to each connecting 
part in the assembly that is to be 
brazed. The brazing medium melts 
during the heating operation, wetting 
the surface and creeps along the sur- 


face until drawn into and through 
each joint by capillary attraction. al 
loying with the parent metal of th« 
parts being joined. Any excess of the 
brazing medium usually forms a neat 
fillet along the joint, adding to the 
strength of the joint. Following th« 
heating in the furnace, the assembly 
the 


atmosphere, in a cooling hood which 


is cooled while still in reducing 
is attached to and forms an integral 
part of the furnace equipment. Fur 
nace brazing is capable of producing 
a high quality product—at low cost 

from a minimum of material 


“Furnace Brazing Techniques.” Bulletin No 
592, The Electric Furnace Co, Salem, Ohio 


Bolt Bending Stresses 

Although screws and bolts are de- 
signed chiefly for axial loads, they are 
often subjected to bending or shearing 
Where this occurs, the de- 
some means of 


stresses. 
must 
overcoming these stresses. 

There are four basic solutions for 


sign include 


this problem: Dowel pins, dowel bolts, 


bushings, intermeshing component 
shapes. These solutions are examined 


“Bolt Bending Stresses,” Federico Strasser, 
Santiago, Chile. Design Engineering, April 
‘60, 481 University Ave, Toronto, Canada. 
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Fastener Standards 

Each of the organizations that is 
sues standards for general-purpose fas 
teners is discussed, and its method of 
operation described. In addition, each 
of the tvpes of standards prepared by 
the various groups included are listed 
and described. Standards of the Ameri 
Assn ASTM, US Gov 

and the 


are presented 


can Standards 
SAE 
Institute 


ernment, Industrial 
Fasteners 
Standards 

Industrial Fasteners 


Cleveland 13 


“Here's the Score in Fastener 
Vol 1, No 4 


1517 Terminal Tower 


Fasteners, 
Institute 
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Fatigue-resistant Riveting 
concentrates on the 
fatigue 


This paper 


techniques of increasing 
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strength of riveted structures bv re- 
moving rather than adding weight 
Gives design procedures, test results, 
effects of various kinds of stress, and 
1 list of seven design tips. Drawings 
of the 


paper and curves giving data obtained 


riveted joints discussed in 
from fatigue tests are included 


Designing Fatigue-resistant Strucstures,” C 
R. Smith, Convair, Div General Dynamics 
Corp; ASTM paper 76. American Society for 
Testing Materials, 1916 Race St, Philadelphia 3 
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Fasteners—Six Ways to Save 
Money 

Six areas where standardization on 
certain types and sizes of fasteners 
should reduce purchase costs and in 
ventories are discussed: thread series 
class of fit, bolts vs. studs, head stvle, 
material specifications, and _ plating 
pecihcations 

Six Easy Ways to Save Money in Fasteners 
F. E. Graves, Russell, Burdsall & Ward Bolt & 
Nut Co. American Standards Assn, Inc, 70 
45th St, New York 17 


Welding Nickel Alloys 


Covers fusion and resistan “ 
g of the more familiar age-harden 
m mat 


VT ght illoys Based 


rials obtained from files of Defens: 
Metals Information Center at Battel 
Memorial Institute 


raphy of available literature 


Include S bibli iy 


The Welding of Wrought Age-hardenable 
Nickel-base Alloys for Service oat Elevated 
DMIC Memorandum 38; De 
Battelle 


Temperatures 


fense Metals Information Center 


Memorial Institute, Columbus 1, Ohio. 
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Welding of Foil 


Inert-gas-shielded tungsten-arc weld 
ing is particularly adaptable for the 
welding of butt joints in foil. How 
ever, careful consideration of a num 
ber of process variables is essential 
Only by control of these 


through good design of all compon- 


variables 


ents of the welding equipment can 
foils of 0.002-. 0.003-, and 0.005-in 


thicknesses be welded. 


FASTENING AND JOINING 


Accurate preparation of the joint 
edges is essential to achieve success- 
ful welds. Shearing, slitting and mill- 
ing techniques are discussed with re- 
spect to their applicability to edges 
for welding 


Control of Process Variables—Key to the 
Successful Welding of Foil,’ John Campbell 
Central Research Laboratories, Air Reduction 
Co, Murray Hill, NJ. Welding Journal, Dec 
59, 33 W 39th St, New York 18 
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Screw or Bolt? 


“You say that this is a cut-thread 
screw and that’s a rolled-thread screw 
Just what’s the difference?” 

“Well, first of all, when I said it 
was a cut-thread screw I didn’t really 
mean that the thread was cut. Ac 
tually, it was rolled on that thread 
it’s really a 


roller over there. You see, 


rolled thread, but we call it a cut 
thread because 
Confused? Admittedly, this bit of 
onversation is fictional, but it points 
ut a serious problem—industrv’s fai 
to standardize on _ terminolog\ 
Especially is this true of the older 
branches of industry; the fastener in 
dustry is a prime example. It’s here 
u'll find the cut thread that is rolled; 
the debate as to what is a screw and 
what is a bolt; terms whose origins ar 
by now obscure; and individual prod 
ucts that can be specified ind 
priced!) in a number of ways 
Does a solution exist? It won't 
be a quick or easy task, but severa 
steps have already been taken. Just 
recently, Russell Burdsall & Ward 
Bolt and Nut Co, Port Chester, NY, 
published a revised list of fastener 
1omenclature. 


A Screw is Not a Bolt—Or is If?” American 


Machinist / Metalworking Manufacturing, Febru 
ary 22, 1960, 330 W 42nd St, New York 36, 
NY 
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Fastening Magnesium 


I'he current and prospective use of 
magnesium sheet has posed a need fot 
in improved fastener material. 

A shear strength and galvanic cor 
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rosion evaluation of both high-purity 
and commercial-purity aluminum al 


loys (5052, 6061 and 5056 types) a 


1 fastener for magnesium alloys indi 
cates the 
high-purity 5056 alloy in both room 


excellent performance of 
ind elevated-temperature service. The 
unexpectedly high shear strength ex 
hibited by this material further en 
hances its position as a rivet 

this service. Concomitantly, a 

tion of heavy metal impurities in 
illoy results in a high degree of ga 
vanic compatibility with magnesium 
which does not suffer on prolonged 
levated temperature aging 

For Fastening Magnesium, High-Purity Alu 
minum Alloy Rivets,” J. L. Nichols, Metallurgi 
cal Laboratory, The Dow Metal Products Co 


Magnesium Topics, October 1959, The Dow 
Chemical Company, Midland, Michigan 
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Semi-tubular Rivets 


Thi hedule 


ind hea 


flat be 


] 
aidan 


tubular end, 
impertection 
ich that the usability 


Radius of th 


der the head of oval and 


DC impaired 


tr 


+} 


ets shall not exceed re 
table Materials of semi 


hall be low carbon st 


cent carbon or les commercial 


low brass copper, aluminum ind oth 


} 


materials as agreed upon between pul 


haser and supplier 
Dimensional Standards for Semi-tubular 
Rivets The Tubulor and Split Rivet Council, 
53 Park Place, New York 7, New York 
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FASTENING AND JOINING 


From: American Machinist 


how to design for... BLIND RIVETING 


23 design details plus 48 checkpoints for assembly methods. 


joining process or fastener can provide a uni here are three, and possibly four main areas that should 

inswer to all assembly problems. Intensive study be considered when determining which method is best 

is necessary to evaluate one against another. If one method for you: (1) Effect on plant and facilities; (2) design ad 

or fastener has an overriding advantage for the part in vantages and requirements; (3 production advantages and 

question, then a detailed analysis is unnecessary lable | requirements; and (4) service requirements, which actually 

lists the advantages of 10 fasteners and processes should be considered under design. Some of the most 

loo frequently, however, some factors are omitted du important points in each of these areas are listed under 

ing an evaluation [he modifications that are necessary “Assembly Analysis,” Table II. This type of study, along 

in plant and facilities are overlooked. Actual in-place cost with a factual cost analysis, cannot help but reveal the 
is not determined, and choice made on fastener cost alone best fastener or method for the application 


TABLE I—ADVANTAGES OF 10 FASTENING METHODS 





TYPE OF FASTENING PRINCIPAL ADVANTAGES 





Blind rivets . Tools are portable 

CHARLES E. HEILIG, JR. . Easily removed 

“Pop” Rivet Div . Semi-automatic feed frees operator's hand 
United Shoe Machinery Corp . Covers wide panel range with same rivet size 


helt , . , 
Shelton, Conn Drive-pin blind rivet . Hammer is only assembly tool needed 


Solid rivet, good in shear 
Tamperproof 
No secondary operation required 


Solid rivets . Unit cost not high 
High-strength joints, good in primary structure 
Uniform appearance on both sides of work 
Large variety of styles ond sizes of heac's 


Tubular or semi-tubular rivets . Low rivet cost 
Fast installation 
More than one rivet can be set per cycle 
Good appearance on both sides of work 


Screws in tapped holes . Simple replacement of assembly 
High grip strength 
Reusable 
Assembly can be made from one side of work 


Sheet-metal screws . Low initial fastening cost 
Standardized tools available 
Easily removable 
Can be assembled from one side of work 


Nuts, bolts, lockwashers . High installed strength 
Suited for low and high volume production 
Installed with standard tools 
Hole size not critical 
Wire stitching . low fastener cost 
No holes required 
Fast setting time and automatic machines 
Holds soft material to metal well 
REFERENCI Welding No holes required in mating parts 
An Engineer's Guide to Blind Rivetin (spot or resistance) No fastener to handle 
- . “up, > Speed of operation 
Practices by Charles E. Heilig, Jr, “Pop ¢ 
an be oa strength joint 
Rivet Div, United Shoe Machiner | 


Shelton, Mass. Published in American 
Machinist Sept 7, 1959, Pp 137. 


Adhesives No holes required 
Back-up space not necessary 
Sealed joints 
No electrolytic corrosion problem 
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| FASTENING AND JOINING 


Tool Cleorance Edge Distance Rivet Spacing 


at 
dH of 
(4)7* (5) 7) Before Aiter (7) 


Satisfactory Best 


Head Hole nal Cision Length 
Clearance 


CLEARANCES AND ALLOWANCES 

















+ 


| 
(10) ~ (i) (12) 
Satis- Good Count- Capped Good Good Sotis- Satis- 
factory ersunk factory factory 


Thick ond Flush Joints Pivot Joints 
Thin Sheets 











Poor Good Good Unsatis- Good Good 
(13) factory 14) (15) 
Washers Tight Joints Multiple Assemblies 


GENERAL DESIGN PRACTICE 


DESIGN DETAILS OF BLIND- 


Clearances and Allowances 
(1)\—Tool Clearance . . . Minimum allowable d 


tance from a wall or projection to the rivet-hol 


nterline is critical, should be checked against tool 


specifications. Depth of a channel or vlindrical 
section likewise limits the application if the rivet 
is inserted as shown. However, tool extensions can 
often be employed, and the nosepiece of the tool 
an be extended by as much as an inch 
2)—Edge Distance . . . From the standpoint 
joint strength, the recommended distance from th 
rivet centerline to the edge of a sheet should not 
be less than twi the rivet diameter. If joint 
strength is secondary, this dimension can be greatly 
reduced. Example: the rivet functions only to hold 
a bracket or component in position 

(3)—Rivet Spacing . . . This also is a function 
ipplication and strength requirements 
(4)—Head Clearance . . . Standard head dimension: 
vary with rivet size. Height and diameter can readily 


f 


be determined from specification sheets. Frequently 
the work can be countersunk, or the joint designed 
to prevent interference with mating sections 
(5)—Hole Clearance . . . Permissible clearance dé 
pends on whether the fastener grips the w al] 
inches underneath. In the latter case, oversized 
holes are less critical, and one does not depend on 
wall constriction to prevent breakout 
(6)—Back Clearance . . . Distance from flat of th 
head to end of the unclinched rivet determines th 
required back clearance—not dimensions after 
ting. These values should take into account the 
maximum combined material thicknesses 
(7)—Rivet Length . . . There is a delicate balan 
between joint thickness, mandrel-head dimensions 
the cold-working properties of the rivet material and 
of course, the shank diameter of a blind rivet. On 
the other hand, one length can be used for a wid 
range of panel thicknesses. For any use beyond th 
ies 


tabulated data, actual limita 


mined by test 


General Design 


(8)—Angles and Formed Sections . . 

tions to the tool, which should set flus 

work. Thus, the “poor” joint requires a s 

set tool, may still be inaccessible. Revers« t 
ind set from the other side, or reduce the length 
of the angular section 

(9)—Channel Sections . . . For adequate tool clear 
ince, set from the underside of the channel or widen 


the section. A tool extension may be used to reacl 


1 
inside the section, but makes the tool somewhat 
more awkward to handle 

(10)—Thick and Thin Sheets . . . If there’s a cho 

it’s best to set the rivet against the thicker material 
Rivets of this type can be set against 0.030 in. and 
thinner aluminum stock 

(11)—Flush Joints . . . A truly flush surface can | 

ybtained only by countersinking the outer wall or 
plate. Dimpling generally is not recommended bx 
ause of the possibility of the rivet not fully “bot 
toming’ and setting against the hole edge. A 
smooth, watertight, but not completely flush sur 


face is obtained by countersinking and capping th 
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RIVETED JOINTS 


(12)—Pivoted Joints . . . Method at left is satis 
factory for low-cost consumer products where som¢ 
binding can be tolerated until the joint works in 
The one shown second from the left is perhaps 
best, because there is some small clearance between 
the rivet head and the wall 

(13)—Washers . . . If a metallic section is to b 
assembled to a softer material, a washer may be 


necessary to provide the necessary rigidity for clinch 





ing action. The soft material should be outside with (16) 

the washer under the rivet head. For conventional 

issemblies either way is practical STRAPS 
(14)—Tight Joints . . . Since blind rivets exert con AND CLAMPS HOUSINGS AND PANELS 
siderable gripping force when clinched, the joint 

hown second from left is impractical. Conversely 
either of examples in which a single rivet is em 
ployed may prove as satisfactory as the one with 


multiple rivets Cap Gaskets 


(15)—Multiple Assemblies . . . One, two or more 
omponents or sections can be riveted to a base or 
panel with a single rivet, provided they can be t 


mounted from the front, or the base section is a - ; 
iver rivet 



































essible from the rear or underneath Ll (18) Le iL 
(16)—Straps and Clamps . . . A blind rivet can be Good Good VeryGood Good Very Good Good 


ised to assemble straps, clamps, and similar mem 


bers around a component. Allowance must be mad WEATHERPROOF JOINTS 


for the squeezing action on the clamp 


(17)—Housings and Panels . . . Of the many ways Sleeve Back-up Wosher 


to construct a housing or panel, the ones shown 

here are perhaps the most common. Examples: left 
1 double-channel section forming the joint to 

vhich the panels are assembled and riveted; center Z 
a back-up stringer with a finishing strip inserted Z 2 


between mating panels; right—a base angle with (19) 


riveted panels and a finishing strip between the gap Unsatisfactory Good x 


In selecting the design, consider cost, appearanc« 


trength and thermal expansion EXTRUSIONS ati ‘ t 4 
(18)—Weatherproof Joints . . . It’s difficult to pro Unsatisfactory e 


du pressure-tight riveted joint, but reasonably COMPRESSIBLE 
moisture resistant, weather-tight assemblies have MATERIALS 


been evolved 

(19)—Extruded Sections Blind riveting is com 
mon, because of the limited access and clearances in 
most extruded sections. Rigidity of the joint at 
right is far greater than that at left. Setting against 


unsupported internal projections is seldom recom 





mended 
(20)—Compressible Materials . . . Compressible ma Good Unnecessory 
terials do not provide a firm base for the setting TUBING 


ction, and the rivet may tear through. Use of a 





formed sleeve or bushing, or a washer and back-up 


plate can solve this problem Plastic 


(21)—Tubing . . . For maximum rigidity, the rivet 
£ ; 








hould not extend through both walls of tubular 
Ihe rivet will set blind against the curved 


vall section, or the tubing can be flattened 





; 


increase the contact area 
(22)—Plastic Members . . . Preferably, the rivet wan anne 
ould be set against a metallic rather than a plasti : 


member. However, the rivets are being set success (22) 











fully against many molded and extruded plastics 








which resist setting pressure without cracking 
(23)—Blind Holes or Slots . . . Clinching the rivet 
against the side of a blind hole or into and against Depends on Good 
1 milled slot, intersecting hole, er internal cavity is BLIND HOLES Material 


possible because of the clinching action of the rivet AND SLOTS PLASTICS 


I 














From: Electronics 


HOW RINGS 
AID COMPONENT 
DESIGN 


Retaining rings that satisfy 
many different fastening requirements 
are tabulated. 


Formulas aid in calculating design loads. 


HOWARD ROBERTS 
Manager of Engineering Services 
Truarc Retaining Rings Div 
Waldes Kohinoor, Inc 

Long Island City, New York 


Cc unponent design can be simplified with retaining rings 
The number, size and weight, complexity of components 
in an assembly can be reduced. Thus rings are ideally 
suited to electronic applications where miniaturization and 


lower manufacturing costs are design objectives 


FASTENING REQUIREMENTS 


Because stamped retaining rings are essentially hard 
tempered springs, their shearing strength and their thrust 
and impact capacity, is high. Most rings are seated in 
deep grooves; this lets the fastener support greater loads 

Self-locking rings, which do not require grooves, ar¢ 
useful for assemblies in which the ring will not be sub 
jected to any sizable thrust, but rather must serve as a 
positioning or locking device 

Ihe rings are easy to assemble and disassemble with 
simple hand tools and often can be installed with mech 
anized equipment. The fasteners often eliminate threading, 
tapping, drilling and other costly and time-consuming ma 
chining operations. Accurate location of ring grooves, 
which usually can be cut simultaneously with other pro 
duction processes, assures precise seating of components 
in the assembly, and minimizes binding or end-play. 

Some of the most widely used standard rings are shown 
in Table I. For some applications, rings are available in 
sizes to accommodate shafts as small as 0.040 in. in diam 
Except for certain self-locking types, all rings are reusable 


following disassembl, 


RING APPLICATIONS 


lable Il lists the materials from which most retaining 
rings are manufactured, together with their shear strength 
and temperature limits. In selecting rings for individual 
applications, a number of factors should be considered 
Size, loading conditions, clearance and method of assembly 
and disassembly are most important when selection is 


made in the design stage 
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Fig. 1—Knob assembly (A) uses circular self 
tion and lock dial skirt on plastic knob s!) 

s installed without groove, accommodates 
parts to eliminate end play Portable in« 
uses beveled internal ring to lock end plate « 
housing 


Fig. 2—Radially-assemblied crescent ring 
potentiometer shaft Low shoulder uniform 
shaft, provides clearance necessary for assembly 
Ring may be removed easily and reused 


Formulas for calculating safe design loads are given in 
lable III. For maximum thrust capacity under both static 
and dynamic loading conditions, the abutting face of th 
retained part should have a square corner. The retained 
part should permit reasonably concentric uniform loading 
against the ring 

Rings with inverted lugs provide a shoulder which is 
uniformly concentric with shaft and housing. Inverted 
rings are useful for retaining parts with large corner radii 
such as those found on bearings, or chamfers 

Of the radially assembled types, crescent rings are best 
for clearance. E-rings and reinforced E-rings provide a 
large shoulder on small diameter shafts. The bowed lock 
ing-prong ring is useful for taking up end-play and for 
providing spring tension on retained parts. The two-part 
interlocking ring is intended for assemblies in which the 
ring will be subjected to high rpm’s or when the retained 
parts rotate at varving speeds relative to the ring. The 
circular push-on types are ideal for plastic studs and fiber 


tubes. 


STANDARDS 


Stamped retaining rings are covered by a number of 


Government and industry standards. These include Dx 
partment of Defense Military Standards MS 16624 throug] 
MS 16634 and MIL-R-21248; and National Aircraft Stand 
ards NAS 669-670, which supersede NAS 50-61. The rings 
also have been assigned various Federal Stock Numbet 
Classifications. Figures 1 and 2 below illustrate the use 
of retaining rings on actual assemblies. Rings replac 
screws and shim washers, eliminate tapping of studs, reduce 


size and overall height of units 





TABLE I 
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Design, Characteristics and Applications of Retaining Rings 





THRUST 
LOAD 
(LBS) 








MATE- 
RIALS» 


CHARACTERISTICS, 
APPLICATION 


THRUST 
LOAD 
(LBS) 


MATE- 
RIALS» 


CHARACTERISTICS, 
APPLICATION 





AXIAL ASSEMBLY TYPES 


C) 





Q) 


Basic 
external 


Tapered section assores con- 
stant circularity, groove pres- 
sure. Withstand heavy thrust 
loads, high rpm’‘s. Used wide- 
ly to retain bearings and 
cover plates in synchro mo- 
tors, servo mechanisms; posi- 
tion windings on resistors 
Bowed and beveled types 
take up endplay. Used to pre- 
tension tuning shafts preload 
bearings, retain tube sockets, 
lock nulling slugs in synchro 
housings. 


¢) 


Locking 


prong 
external 


Prongs prevent ring from be 
ing forced out of groove 
Bowed construction provides 
spring tension for end-play 
take-up. Retains tuner shafts, 
other control devices in radios, 
TV sets, tape recorders, other 
instruments. 








Inverted 
internal 





O 


Inverted 
external 








Inverted lugs and increased 
section height provide better 
clearance, higher ~ shoulder 
uniformly concentric with 
housing or shaft. Used to re- 
tain cover plates, shielded 
bearings, ball and roller 
bearings, other parts with 
large corner radii or cham- 
fers. 





RADIAL ASSEMBLY TYPES 


- 


Crescent 
external 


Narrow, tapered section pro- 
vides low shoulder uniformly 
concentric with shaft. Used in 
potentiometers, recording in- 
struments, other assemblies 
where clearance is critical. 


O 


Inter- 
locking 
external 








Two-part ring designed to 
withstand high rpm's. Pro- 
vides shoulder uniformly con- 
centric with shaft. Used for 
retaining bearings in high 
speed motors, applications in 
which parts rotate at verying 
speeds, relative to ring 





SELF-LOCKING RINGS 


o 


Circular 
external 








¢ 


E-Ring 
external 


Functions as large shoulder 
on small diameter shafts. Re- 
tains hinge pins, springs, link- 
ages, tuner shofts, position 
precision gears in small gear 
drives. Bowed ring available 
for end-play take-up. 


O 


Circular 
internal 


Push-on type fastener. Prongs 
lock ring on shaft against 
movement in one direction. Re 
tains small sockets, hinge 
pins, linkages, other compo 
nents which normally do not 
have to be removed for field 
servicing or maintenance. 


Used in bores and housings 
Secure against movement in 
one direction. Holds caps in 
capacitors, similar applica 
tions where ring must func- 
tion as positioning and lock 
ing device. 











¢ 


Reinforced 
E-ring 
external 














Provides greater gripping 
power, higher rpm limits than 
conventional E-rings. Resists 
heavy vibration and shock 
loads, relative rotation. 








Q 


Grip ring 


external 














For ungrooved shofts, tubes, 
bosses, die-cast and plastic 
studs. Locks against move- 
ment from either direction. 
Adjustable after assembly 
and re-usable. Replaces set- 
screw collars, cotter pins. 
Ideal for components which 
must be removed for servic- 
ing, maintenance. 
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TABLE li—Materials and Finishes Used in Rings 








THRUST 
LOAD* 
(LBS) 


SHEAR 
STRENGTH, 
PSI 


TEMP 
UMITS, 
DEG F 


BASIC 
MATERIAL? 


MATE- REMARKS 


RIALS® 


CHARACTERISTICS, 
APPLICATION 





Carbon 120,000 — 100 
Spring to to 


Steel (CS) 150,000° +650° 


800 to 900 F, 
use 2/3 P,* 
1,200 F, 3/10 P, 


& 


Triangular 
external 


Dished body. Prongs lock 
against shaft under spring 
pressure. Accommodates mod- 
erate tolerances, heavy thrust 
loads. Holds laminates in po- 
sition in transformers, also re- 
tains medallions and orna- 
ments to chassis 


Beryllium 82,000 — 100 
Copper (BC) to 


110, 000° 


800 to 900 F, 
use 2/3 P, 


Phosphor 48,000 
Bronze (PB) to 
60,000 


Not recommended 
for use above 
212 F 





Stainless 120,000 
Stee! (SS) to 
150, 000° 


At 1,000 to 1,100 F 
Dished body flattens under use 2/3 P, 
torque. Eliminates need for 
lock washers. Secure against 
moderate impact, vibration 
Used on control devices to 
hold screw settings 


rey 


Triangular 











+900 











nut a Available in variety of protective or decorative finishes 


external b Varies according to ring size 
ec Varies according to ring stvle 
d Allowable thrust load of ring (See Table 


IIl) 











Ee 





SPECIAL TYPES FOR ELECTRICAL TABLE Ili—Formulas for Calculating Safe Design Loads 





Definition of Terms Type of Stress Formula 


Inner tab locks ring on shaft 





Terminal 
external 


large tab serves ‘os wire 


shoulder, contact or terminal. 





Ring 
usually 
used on 
plastic 
or fiber 
tubes 
Thrust 

capacity 
nota 
factor 


Coil 
shoulder 


external 


External ring used as coil 
shoulders. Elongated lugs 
serve os terminals; inner tab 
locks ring on tubular shaft 





Detent 
spring 














TABLE |— RINGS ARE AVAILABLE 


shafts as small as 0.040 in. in diam 


internal and external rings are ideal for applications in 


fasteners will be subjected to heavy 


speeds 


accumulated tolerances or wear in the retained parts, bowed or bev- 


eled rings should be considered 


play take-up 


corresponding bevel on the load-bearing wall, act as a wedge to pro- 


vide rigid take-up 


a — Pr (See Table Ill) Value for carbon spring steel rings, installed 
on shaft or in housing made of hardened steel, with properly mating 


parts 
b — See Table |! 


c — Value for beryllium copper ring. 


for some applications 


thrust loads or 


If it is necessary for the ring to take up end-play 


Bowed rings provide resilient end- 


Beveled rings, which are installed in grooves with a 


Available finishes are given in Table II 


Internal ring without lugs 
precision detent 
spring. Notches facilitate as 


sembly, disassembly 


Acts as 


in sizes to accommodate 
The basic 
which the 
high rotational 


caused by 
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acceleration of 
parts in 
groove depth (in 
modulus of elas- 
ticity of groove 
material 
frequency, cps 
safety factor 
largest section of 
ring (in 
allow able 
load on 
in-lb 
allowable impact, 
load on ring, in lb 
allowable static 
thrust load on 


sec* 


impact 
groove 


groove or ring, lb 
allowable rotating 
thrust load on ring 
exerted by adja 
cent part, lb 

shaft or housing 
diameter, in 
working stress of 
ring under maxi- 
mum expansion or 
contraction, 
ultimate shear 
strength of ring 
material, psi 
tensile yield 
strength of groove 
material, psi 


psi 





ring thickness, in 


Static thrust load on 
ring 


Static thrust load on 
groove 


Impact loading 


ring 


Impact loading 


groove 


Vibration loading 
ring 
Vibration loading o1 
groove 


Harmonic oscillation 
for ring or groove 
Allowable thrust load 
on ring when retained 
part 
to ring 


rotates relative 


Elastic deformation 
temporary displace 
ment of retained part 
under load 





acting load, Ib 
weight of retained 
parts, Ib 
deflection, in 





coefficient of fri 
tion (dry parts 
0.15-0.20 
amplitude, i 





a. Varies with ring design 
ternal and external rings 


REFERENCI 
How Rings 


neering Services, ‘Truar 


Inc, LI Citv, N. ¥ 


Aid Design by 
Ret 


Publi 1 


and 


aining Rings Diy 
, 
| 


! 
material Value 


> 


Howard Roberts, Manag 
' ald s 


ed in I troni No 
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From: Fasteners 


FASTENER TORQUE: HOW MUCH? 


Suggested maximum torque values for fasteners of 7 different 


materials, up to 1'% in.-dia thread. 


JOHN A. STEVENSON 
Manager 

Technical Sales 

The H. M. Harper Co 


Ti. question is often as] I Whi dentical bolt can be made more ll ¢ 1 higher reading thar 
' , } : — * 
is there no reliable data on torquing way. Consequenth rving de vated because the lubricant red 


ilues? Why do existing recommenda rrees of material work hardening ar OI needed to overcome the n 


tions carefully carry the warning “us introduced. For example, an extruded ma riction expected on mating 


Ls 


; t 
if vour OWN TISK ) 


product will normally have a high hreaded parts. For exampl 
The often heard answer tensile value than a _ non-extruded how that a wax-lubricated 4-2! 
ire too many variables involv fastener—the same would apply to a luminum bolt will 
is not just an excuse, v roll-threaded versus a ut-threaded lb hile it takes 100 
in honest fact—a verv re: mb g fastencr. However, ¢ though cor ( product m 
publishable data trolled testing shows work rdening tio1 mseq ut ntly, unl 
to increase torque value 


VARIABLES REVIEWED 


is not as it aS 1S realized 1 l n | » account 


gr 
he fastener material itself i ilue It is felt that this differ resul » a similar « 

definite variable, but an often CI ; from the fact that worl rdet dizing (as it pertains to 

ooked one. Table I shows that to ing effects the fastener co st pl will also reduce 

values differ with various materi 

Consequently, where a high la ring acti wher 

desired the choice of material 


portant Since ner torque 
Ihe material variable also brings o great extent, the force that will over One formula that ean be used 
ruide for dry steel nuts and bolts 


the added function of heat treating of yme friction, consider thread lul ” 
] CDi 


u 
product to the extent that torquing tion as a variable—as well as th 
loads can be more than doubled. If often considered variables of foreig torque. in. Ib 
ill materials responded to manufac matter in the threads, surface condi torque coefhcient, approx. 0.2 
turing methods in a like manner, and tion of mating parts, class of fit, et ar} steel ' 

if all similar products were manufa Ihese variables will add to the actual holt wee) hi required, Il 


tured identical equipment, this would torque needed to tighten down the 
be truc The relationship of torqu fastenct Because this 1 tan 


ind tensile strength would be propor torque is not added into the recom /amping 


1: : Tension a 
tionate mended torquing valu thev should A | ] 
However, certain materials work be cither eliminated or compensated oot SS 


harden at different rates. For in for. If it is not accounted for. the ys Frichion 


in austenitic stainless steel or silicon recommended torque reading will be «< t- 


























bronze bolt will increase in strength less than anticipated bv the amount of hear 
through cold forming and roll thread torque, by the tight fit, the foreign y 


ing considerably more than common material, or the thread burr, et ension 


steel or brass lurthermore, the Conversely, an oil or wax lubricant 


346 PRODUCT ENGINEERING — Design Digest Issue 





FASTENING AND JOINING ra 


lhis will supply the torque required to TABLE I—Maximum Torque Values 
develop a predetermined tensile load 





in the product. The 0.2 represents a os Silicon power 316 
theoretical but fully evaluated figure ome —- —_ re . | anoes 
for torque coefficient, and is derived 
from an assumed coefficient of friction 
of 0.15. 

lhe torque table included here 
holds bolt tension at a factor some- 
what less than the yield point of the 


in.-Ib in.-Ib in.-Ib in.tb in 





fastener. Ordinary dial type torque 
wrench equipment was used in plot- 
ting torque value curves. The product 
was torqued to failure in all cases, thus 
proving the safety factor built into 
the above formula. Cold-rolled steel 
plates of varying thicknesses were used 
lhe product was inserted through 
fractional-sized holes, no washers were 
used underneath the head but were 
it the nut end. Plates were selected 
that would bring the fastener under 
tension at a point where the nut would 
be approximately mid-way along the 
threaded section 

The maximum torque values recom 
mended for low carbon steel fasteners 
is shown in this table are derived from 
results obtained in the P. A. Sturtevant 
Company laboratory, adjusted to con- 
form to actual tests made at the H. M 
Harper Company. These latter tests 
furnished vield point torquing values 
hese, in turn, were reduced by 35 
in order to correlate the values with 
the formula results. The carbon steel 
values reflect a slight adjustment 
downwards from calculated torquing 
loads 

Similarly, the Harper Company’ 
fastener stock, composed of six ma 
terials, was evaluated and _ plotted 
iwainst the original carbon steel curve 
Although the results were not as close, 
in comparison, as were the carbon 
steel tests, they were similar enough to 
plot the values shown in the table for 
the material given 

Tests were conducted on dry, or 
near dry, product. Mating parts were 
wiped clean of chips and foreign mat- 
ter. The 3-in.-dia product, and under, 
was roll-threaded and, where size range 
permitted, was made on bolt-maker 
equipment 


REFERENCI 


A Guide to What Torque a Fastener 
Should Have by John A. Stevenson, 
Manager, Technical Sales, The H. M 
Harper Co, Morton Grove, Ill. Published 
in Fasteners, Winter, 1959, p. 6 
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From: SAE Paper 


18 ways to 
JOIN 


HONEYCOMB PANELS 


A design guide to aid selection among mid-panel and panel-rib 


joints, spar-panel intersections, and edge-member attachments. 


FRANK J. FILIPPI, Project Engineer 
BORIS LEVENETZ, Section Chief, Primary Design 


Solar Aircraft Co 


Eve: increasing use of honeycomb-sandwich structures in 
many different products, including missiles, has revealed 
a lack of basic design information for these structures 
The designer's problem is always: What is the best way 
to join panels without sacrificing much of their strength? 

[here are two basic approaches to joint design: The 
pictorial design approach, used extensively; and the analvtic 
design approach, used less because of lack of time Ihe 
pictorial design procedure is mainly concerned with opti 
mizing one type of structure such as honeycomb sand 
wich. Analytic design seeks to achieve the best load trans 
fer at the lightest weight, irrespective of the type of struc 
ture necessary to accomplish the transfer. In this digest 
the pictorial approach is presented. In any joint design 
however, productibility is the major factor influencing final 
selection. ‘The design engineer must recognize that hi 
skills are currently at the mercy of the production eng 
neer who must reduce the design to a producible artic! 


it a reasonable cost 


MID-PANEL JOINT 


\ mid-panel joint must be designed to carry bending 
shear, compression, and tension loads I'he shear load: 
require connection of the panel cores, since the core is the 
only element able to transmit shear forces perpendiculat 
to the panel. For applications not involving shear load 
joining the cores is not mandatory, but is verv desirable for 
joint stabilization. ‘The ideal joint would have cores and 
faces welded together, providing necessary ties for prope! 
load transfer It can not, however, b« produced becaust 
of inaccessibility of the core for welding \ producibl 
ind analytically satisfactory joint, Fig. 1, shows the joint 
before the welding operation as prepared for joining. ‘Th 
now-accessible core is welded to the web, the joimt is 
closed, and a fusion weld picks up the faces and web. ‘Thi 
iddition of the web guarantees a good shear joint for the 
core, while the thickened facing compensates for the lo 


Although 


some deformation of the core is encountered, good shear 


in strength from the fusion welding operation 


transfer is still possible 

Much of the brazed honevcomb sandwich manufactured 
today is made from precipitation-hardenable — stainles 
steels. As a result of heat treatment, these steels exhibit 
1 net growth averaging 0.004 in. per in. Unfortunately, 


the fact that this growth is neither consistent nor exact! 
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Welded prior to 
brozing or chem 
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Fusion welded 


Cover plote 















































| 
1} 


| 


nt 


3 Dense core sandwich 
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predictable results in dimensional discrepancies of 
heat-treated parts. Machining a panel edge before weld 
ing gives a measure of compensation for erratic growth 
ind should be considered as necessary design practice along 
it least two adjacent edges of any precipitation-hardenable 
steel sandwich 

Where welding access is from one side only, the joint 
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becomes more cumbersome. A solution is presented in 
Fig. 2 that is satisfactory except for the .ncumbent weight 
penalty. The panels are brazed with the edge members 


extended beyond the net part size and trimmed to final 
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Size Within limits, growth compensation is possible 
with this joint. Welding the cover plate to the panels 
as the last operation completes the joint 

A mechanical joint, admittedly heavier vet, is shown in 
Fig. 3. Essentially a tongue-and-groove joint, the tongue 
portion is a sandwich bar of densified core, its faces de 
signed to carry the longitudinal loads of the panels. The 
bar may be mechanically attached, or brazed in place as 
shown. The mating portion of the joint is brazed with 
a U-channel edge member through which the mechanical 
ittachment is made 


PANEL-RIB JOINT 


The panel rib joint must maintain the integrit 
original panel and transfer any additional loads, in most 
cases a shear-flow, from the rib into the panel, where this 
load is distributed between both faces Fig. 4 show " 
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joint which theoretically would meet these requirements 
{he corrugation transfers the rib loads into the outer 
face of the panel and also makes a link between th¢ 
honeycomb cores. This joint is plainly difficult to pro 
duce because of the accessibility and welding problems 
Ihe solution shown in Fig. 5 would be easy to make but 
extremely inefficient because of the discontinuity of the 
faces 

Che design in Fig. 6 meets design requirements and 
is producible. It is best to make the brazed joint without 
the web, then attach it by subsequent welding. The panel 
then becomes essentially flat, greatly simplifving the braz« 
fixturing and production sequence. ‘The doubler shown 
on the drawing may be seamwelded, brazed, or chemicall\ 
milled as an integral part of the facing A variation of 
this design, Fig shows attachment of a honevcomb 
sandwich rib to the panel. The U-channel is welded to 
both pieces to effect the joint with a minimum of manu 
facturing problems 

\ mechanical joint, if acceptable for the application, is 
quite simple, as shown in Fig. 8. ‘The rib is directly at 
tached to a densified core insert which provides rein 
forcement for the countersink and for the bolt-crushing 
forces. ‘lhe doubler between rib flange and panel provid 


better distribution of compression and shear loads 


SPAR-PANEL INTERSECTION 


he function of this joint is to transm# shear loads 
from the panels into the spar and to assist the spar in 
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carrving the bending loads by loading an effective width 
of the panel in tension or compression. lhe theoretical 
joint in Fig. 9 incorporates all necessary elements for 
correct load transfer Unfortunately, the unreasonablk 
welding requirements make it almost impossible to produc« 
with current knowledge Che production people would 
prefer to make the joint as shown in Fig. 10 The 
limitation of this design is the inability to satisfactoril\ 
vary the spar cross-section as loading changes 

\ good design is one that incorporates an independenth 
produced spar to which the panels are welded, Fig. 1] 
\ shear web is introduced between the sandwich and the 
spar as previous!y discussed before the elements are 
welded together Chis lavout shows a honevcomb sand 
wich spar web riveted to the spar caps with high-shear 
rivets. If welding trom one side only is necessary a 
method similar to one previously described (4) is appli 
cable, as shown in Fig. 12. The shear transfer is over the 
short flange of the edge member and cap flange which 
must have the rigidity to take the shear load in bending 
Che cover plate takes forces only in the plane of the outer 
facing sheet 

Again reverting to a mechanical joint, Fig. 13 is a 
composite of two types of panel connection to the spar 
cap. ‘The double joint takes all kinds of loads effectively 
while the single joint is able to take shear perpendicular 
to the panel and loads in the panel of the outer panel 
facing only. Another interesting variation of a mechanical 


spar joint enables a simplified approach to joining the 
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web. Fig. 14 shows a constant-cross-section spar cap 
incorporated into the basic sandwich lo account for 
vanations in the bending moment, and additional cap 
strip of varying thickness is placed between the panel 
and the spar web. The web is then connected to the 


compe site spar Cap 


EDGE MEMBER ATTACHMENT 


lhe edge member configuration is important because 
it fixes the types of loads that can be transferred into the 
panel. Three loads P,, P,, P, act on a typical Z-section 
closure, Fig. 15 The load P, is distributed into the two 
faces in a manner directly dependant on the stiffness of 
the Z-section and the core shear modulus in this direction 
P, poses no problem because of the great stiffness of the 
Z-section in this direction, and it can be assumed that 
load is transferred equally into both faces Load P, is 
transferred into the vertical web of the Z-section and thus 
into the core 

Greater producibility control can be obtained by the 
design in Fig. 16. Some measure of control over P, dis 
tribution into the two faces is possible with more efficiency 
than an equivalent-weight Z-section joint permits. Load 
P, no longer can be assumed to transfer equally into both 
facings, but favors the outer facing in proportion to the 
core shear modulus in that direction. Transfer of P, now 
occurs along an undesirable path, placing the core-double: 
brazed bond in tension. In addition to the marginality of 
having a brazed joint in tension, the fatigue characteristics 
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make a joint loaded im this manner exceedingly poor 
Obviously, P, acting in the opposite direction presents 
much superior condition 

Fig. 17 shows a typical U-channel joint better able t 
transfer the loads P;, P,, and P 


ment, the edge member may be assumed to 


As a symmetrical attach 
ntroduc 

P, and P, equally to the facings without regard to channel 
stiffness. The U-channel provides a shear web for 
introducing P, to the core, but otherwise serves little useful 
purpose. The major problem in making such a joint—the 
extremely close tolerances imposed on the formed sheet 
metal U-channel—is elimimated by substitution of dens« 
core for the channel in the doubler area as shown in | 


18. The shear transfer of load P, is much more favorabk 


than with the Z-section because the dense core-doubler 
bond can always be placed in compression to introduc« 
this load. 

Problems in the field of brazed sandwich joining ha 
been in the allied area of welding. This is responsil 
for a temporary regression to less desirable brazed 


by designers whenever possibl 


REFERENCI 


Optimum Joint Design for High-te1 
by Frank ] Filippi, Project Engine 
tion Chief, Primary Design, Sola 
Paper presented at SAE National 
los Angeles, California. Paper No 
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CATALOGS 
and BULLETINS 


ot te AN enn Ue 


ae ee eee ee ee _ 


To obtain copies of literature described below, write 
prefix letter and number on reader service card. 


(G-1) Zine Soldering Process—Brochure, 
4 pp. Process joins aluminum to itself 
Method used in re 
frigeration, air conditioning, automotive, 
electrical industries. Aluminum Co of 


America, 1501 Alcoa Bldg, Pittsburgh 


and other metals. 


(G-2) Quick 


chure, 8 pp 


Operating Fasteners—Bro- 
Describes latches, clamps, 
other fasteners enabling quick access 
Camloc Fastener Corp, 22 Spring Valley 


Rd, Paramus, NJ. 


(G-3) Nuts—Catalog, 16 pp. Describes all 
metal lock, projection weld, standard, 
clinch, other type nuts. Grip Nut Co, 
S Whitley, Ind. 


(G-4) Blind 


Gives applications and dimensions of hand 


Rivets—Brochure, 4 pp 


hammer-driven rivets for metal and wood 
Star Expansion Industries Corp, Mountain 
ville, NY 


(G-5) Fasteners—Catalog, 24 pp. Contains 
tables of sizes and strengths of blind rivets, 
blind bolts, pins and stumps—all using un 
threaded holes. Huck Mfg Co, 2480 Belle 
vue Ave, Detroit 7 


(G-6) Retaining Rings—Catalog, 15 pp 
lables give ring, groove, housing dimen 
sions and loading factors. Dispenser and 
ipplication tools also shown Industrial 
Retaining Ring Co, 57 Cordier St, Irving 


ton, NJ 


(G-7) Setscrews—Catalog, 12 pp. Lists 
lengths, thread sizes, points, materials and 
prices. George W Moore, Inc, 100 Beaver 
St, Waltham, Mass. 


(G-8) 
Gives dimensions of such types as jam, 
castle, lock, slotted and high nuts. Na 
tional Machine Products Co, 44225 Utica 
Rd, Utica, Mich. 


Hexagon Nuts—Brochure, 8 pp 


(G-9) Stud Welding System—Catalog, 6 


pp. Describes portable, bench and custom 


built units for welding studs to thin ma 
terials. Omark Industries, Inc, 9701 S E 
McLoughlin Blvd, Portland 22, Ore 


(G-10) Locknuts and Fasteners—Catalog 
Gives dimensions, load ratings and uses of 
locknuts, self-threading nuts and push-on 
Shows how to assemble The 


65-AL Glen Rd, Mountain 


tasteners 
Palnut Co 
side, NJ 
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(G-11) Lock Nuts—Bulletin, 4 pp. De 
scribes self-locking, self-clinching nut for 
sheet metal. Installation forces tabulated 
Penn Engineering & Mfg Corp, Box 311, 
Doylestown, Pa 


(G-12) Projection Weld Nuts—Bulletin, 
4 pp. Gives dimensions of steel or stain- 
less steel nut with pilot. Penn Engineering 


& Mfg Corp, Box 311, Doylestown, Pa 


(G-13) Self-clinching Nuts—Bulletin, 12 
pp. Describes nuts for sheet metal which 
cannot be threaded. Penn Engineering & 
Mfg Corp, Box 311, Doylestown, Pa 
(G-14) Flush Self-clinching Fasteners — 
Bulletin, 4 pp. Presents a captive stud and 
a nut which is flush on both sides of the 
sheet. Penn Engineering & Mfg Corp, 
Box 311, Doylestown, Pa 


(G-15) Retaining Rings—Catalog, 24 pp 
Shows strengths, shapes 
of assembly. Truarc Retaining Rings Div, 
Waldes Kohinoor, Inc, 47-16 Austel PI, 
L I City, NY. 


, uses and methods 


(G-16) Retaining Ring Assembly Tools— 
Catalog, 16 pp. Describes tools, 


and dispensers for manual assembly; ma 


fixtures 


chine driven grooving tool. Discusses 
groove design. ‘Truarc Retaining Rings 


Div, Waldes Kohinoor, Inc, 47-16 Austel 
Pi, L I City, NY 


(G-17) Lock and Quick-acting Fasteners 

Catalog and bulletin, 16 pp. Lock fastener 
is used to secure aircraft fuel cells without 
Quick-acting fastener is 
for access door applications. Truare Re 
taining Rings Div, Waldes Kohinoor, Inc, 
47-16 Austel Pl, L I City, NY 


piercing cell wall 


(G-18) Automatic 
Catalog, 24 pp 


from single-head, manual types to multi 


Riveting Machines— 
Shows machines ranging 
head automatic designs. Includes selector 
chart for matching requirements with 
machine model. Tubular Rivet & Stud 


Co, Quincy 70, Mass 


(G-19) Threaded Tubular Rivet—Catalog, 
8 pp. Gives dimensions, styles and applica 
tions. Includes automatic setting ma 
chines. Tubular Rivet & Stud Co, Quincy 


70, Mass 


(G-20) Rivets—Catalog, 8 pp. Lists mat 
rials and dimensions for semi-tubular, sp 
and outside pronged rivets plus rivet 
Includes stainless steel semi-tubular 

Tubular Rivet & Stud Co, Quincy 
Mass 

(G-21) Soldering—Three bulletin pp 
Presents composition, properties, uses of 
solder, flux, solder preforms. Alpha Metal 


Inc, 56E Water St, Jersey City 4, NJ 


Chart 
ve solder strength, melting 


(G-22) Soldering—Brochure, 4 pp 
and curves gi 
points, other data. Solder, fluxes, preform 
are listed. Alpha Metals, Inc, 56 Water 


St, Jersey City, NJ 


(G-23) Screw Fasteners—Catalog, 5 pp 
Contains tables of spec ifications of screws 
lockwashers for industrial fastening. Also 
electrical terminals. American Machine & 


F. undry Co, 228 N LaSalle St, Chicago | 


(G-24) Stick Form Screws—Brochure, 4 
pp. Describes method of using screws in 
stick form for rapid driving. Includes di 
mensions and sizes American Screw Co 


Willimantic, Conn 


(G-25) Nylon and Stainless Steel Fasteners 


—Brochure, 19 pp. Lists alloy 


composition 
and uses plus nylon properties. Explains 


fastener product 
range. Anti-Corrosive Metal Products Co 


Inc, Castleton-on-Hudson, NY 


terminology and _hists 


Adhesives— Brochure 


(G-26) Epoxy 
pp Gives properties ot epoxy resi 
oating. Armstt1 


bonding asting 


ucts ( Box 1-PI . Warsaw, In 


(G-27) Clamps—Catalog, 16 pp 

for lids 

equipment hold down, panels and 
The Bassick Co, 3045 Fairf 
ort, Conn 


dimensions of clamp 


(G-28) Fasteners—Catalog, 16 py I 
sizes of helical spring washers, railroad and 
pole line spring washers, preassembled nut 
and spring washers, retaining rings, and 
self-tapping, self-drilling screws plus others 
Baton Mfg Co, Reliance Div, Charles Av 
Massillon, Ohio 


(G-29) Wire Rope and Fittings—Catalog 
24 pp. Shows assemblies and fittings in 


luding aircraft quality and nylon coated 


ibles for controls. Gives strengths and 


dimensions. Bergen Wire Rope Co, Gregg 
St, Lodi, NJ. 


(G-30) Fasteners—Bulletin, 4 pp. De 
scribes processes for making such fasteners 
as screws, bolts, rods, pins. Bethlchem 


Steel Co, Bethlehem, Pa 


(G-31) Self-locking Nuts—Catalog, 64+ pp 
Presents charts, dimensioned drawings of 
fixed anchor, floating anchor, hexagon and 
gang channel types. Boots Aircraft Nut 
Corp, Newtown Tpk, Norwalk, Conn 
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(G-32) Inserts and Tapped Holes—Bro 
chure, 8 pp. Provides information on in 
serts to provide screw threads and for thin- 
ner materials, tapped holes. Includes tab- 
les of sizes. Boots Corp, Newton Tpk, 
Norwalk, Conn 


(G-33) Blind Rivets—Catalog, 8 pp 
Shows sizes and how to use countersunk 
and brazier head explosive rivets of alu 
minum and brass. The Bowman Products 
Co, 850 E 72 St, Cleveland 3 


(G-34) Transistor Retainers—Bulletin, 6 
pp. Presents selection guide, matching 
tables for beryllium copper heat dissipating 
clips and retainers. H Braun Tool & In- 
strument Co, Inc, 140 Fifth Ave, Haw- 
thorne, NJ 


(G-35) Fuse Clips—Bulletin, 4 pp. Gives 
service ratings and dimension for clips ac 
commodating NEC and SAE standard 
fuses. H Braun Tool & Instrument Co, 
Inc, 140 Fifth Ave, Hawthorne, NJ 


(G-36) Socket 
Gives dimensions and strengths of minia 
ture flat, button head socket screws. The 
Bristol Co, Waterbury 20, Conn 


Screws—Brochure, 4 pp 


(G-37) Socket Screws—Brochure, 6 pp 
Gives dimensions and standards for socket 
The Bristol] Co, Water 


head cap screws 


bury 20, Conn 


(G-38) Rivets—Catalog, 16 py Provides 
tables of data on tubular and split rivets 
for automatic setting. Also shows auto 
machines. Chicago 


Rivet & Machine Co, 950 S 25 Ave, Bell 
vood Il 


mati rivet setting 


(G-39) Screws and Bolts—Catalog, 150 pp 


Gives dimensions, materials, thread data 


hexagon 


square hy id bolts. lock screws and 


m socket head screws, cap screws 

bolts Includes thread standards and 

torque tables. The Cleveland Cap Screw 
#444 Lee Rd, Cleveland 28 


(G-40) Removable Fasteners—Brochure, ¢ 
pp. Shows types for fastening detachabl 
panels, covers, housings. Includes design 
urcraft 

125 | nion St, W Is] Pp 


for superson onditions Dzu 
Fastener Co, In 


NY 


(G-41) Adhesive—Brochure, 44 pp. De 


scribes applications, properties, instruc 
tions for use of an industrial adhesive 
Kings 


Eastman Chemical Products, Inc, 


port, Tenn 


(G-42) Nuts—Catalog, 20 pp. Lists di 
mensions of turned aluminum and _ brass 
and taps on 


o, 446 Mor 


nuts. Also lists thread gages 
hand. Fischer Special Mfg ¢ 
gan St, Cincinnati 6 


(G-43) Washers and Stampings—Catalog, 


38 pp. List sizes of flat and formed wash 
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ers of metallic and nonmetallic materials 
Offers light metal stamping service. Free 
way Washer & Stamping Co, Box 1756, 
Cleveland. 


(G-44) Keys, Pins, Bushes—Catalog, 36 
pp. Lists dimensions and prices of machine 
and Woodruff keys; taper, dowel, groove 
and tension pins; describes tension bushes 
John Gillen Co, 2540 S 50 Ave, Cicero, 
Il. 


(G-45) Zine and Nylon Fasteners—Cata 
log, 10 pp. Gives materials properties, di 
mensions of die cast zinc and molded 
nylon nuts, screws and others. Gries Re 
producer Corp, 159 Beechwood Ave, New 
Rochelle, NY. 


(G46) Pins and Drive Studs—Catalog, 28 
pp. Gives sizes and information on how to 
design for and use grooved pin and stud 
fasteners. Groov-Pin Corp, 1125 Hend 


ricks Causeway, Ridgefield, NJ 


(G-47) Self-tapping Inserts—Catalog, 12 
pp. Gives sizes, strengths and guides on 
how to design for use in metals, plastics 
and wood. Groov-Pin Corp, 1125 Hend 
ricks Causeway, Ridgefield, NJ 


(G-48) Lacing Tapes—Catalog, 16 pp 
Gives strengths, temperature range of fiber 
glass tapes and synthetic fiber tapes for 
harnessing. Gudebrod Bros Silk Co, Inc, 
225 W 34 St, NYC 1 


(G-49) Taps—Catalog, 28 pp. Provides 
explanations and tables for making tap 
selections. Includes price lists for taps 


ind gages. The Hanson-Whitney Co, 169 
Bartholomew Ave, Hartford Conn 


(G-50) Hose 


Gives dimensions for stainless steel and 


Clamps—Catalog, 4 pp 


galvanized hose and _ plastic pipe 
Ideal Corp, 435 Liberty Ave, Brooklyn 7 
NY 


lamps 


(G-51) Quick Operating Fastener—Cata 
og, 24 pp. Lists quarter turn fasteners for 
access panels and similar uses. Types for 
light to extreme loads. Fastex Div of III 
lool Works, 195 Algonquin Rd, Des 


Plaines, Ill 


(G-52) Plastic Blind Nuts—Catalog, 8 pp 
Nylon nut snaps into hole from front 

Fastex Div of III 
Algonquin Rd, Des 


Also acts as insulator 
lool Works, 195 
Plaines, Il 


(G-53) Shaft Retention Fastener—Catalog, 
8 pp. Lists snap-on spring nuts, plastic 
Fastex Div of Il 


Algonquin Rd, Des 


rings, c-ring washers 
lool Works, 195 
Plaines, Il 


(G-54) Plastic Blind Rivets—Brochure, 4 
pp. Colors can be matched with rivets 
in four head styles and over six thermo 
plastics. Fastex Div of Ill Tool Work 
195 Algonquin Rd, Des Plaines, I 
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(G-55) Plastic Plugs—Brochure, 4 pp. 
Gives dimensions of plugs used as glides, 
bumpers, feet. Fastex Div of Illinois Tool 
Works, 195 Algonquin Rd, Des Plaines, 
Ill 


(G-56) Self-locking Nuts—Catalog, 118 
pp. Provides dimensioned drawings, mate 
rial, finish, other specifications for many 
all-metal nut configurations and washers 
suitable for aircraft applications. Includes 
miniature and electronics types. Kaynar 
Mfg Co, Inc, Box 2001, Terminal Annex 
Los Angeles 54 


(G-57) Threaded Inserts—Brochure, 4 pp 
Gives dimensions and installation method 
Insert for ductile materials also serves as 
nut The Lamson & Sessions Co, 500( 


Tiedeman Rd, Cleveland 


(G-58) Self Locking Thread Form—Bro 
chure 4 pp Male 
reforms female threads to provide inter 
ference fit. Lock Thread Corp, 2832 | 
Grand Blvd, Detroit 11 


threaded fastener 


(G-59) Lockbolt and Lockscrews — Bro 
Explains locking method and 
physical properties. Long-lok Corp, 26 


Colorado Ave, Santa Monica, Cal 


chure, 6 pp 


(G-60) Steel Screws—Catalog, 36 pp. Pr 
vides standards, dimensions and mechani 
al properties. General types shown in 
clude socket head, square head and hexa 
Mac-it Parts Co, E Liberty St 
Lancaster, Pa 


gon head 


(G-61) Alloy Fasteners—Bulk 
List bolts, nut SCTEW other 
AN, NAS and MS numbers 
hart to match appearance with 
Mercury Air Parts Co, In 
n Blvd, Culver City, Ca 
(G-62) High Temperature Fasteners—( 
ilog, 12 pp. Aircraft quality faster 
AMS5735 allov ar 
Detailed 
rew bolts thers 
In 310 W J 
Cal 


designed for 


(G-63) Rivets—Catal 

tables of dimensions, design and 

guide Also rivet s g machines. M 
ford Rivet & Machine ¢ 857 Bridgep 
Ave, Milford, Conn 


(G-64) Blind Fastener—Bro 
Presents specifications, installat 

tions for a type of threaded blind fast 
Molly Corp, 23 


| N Fifth St, Reading, Pa 


(G-65) Sliding Fastener for Panels—B 
tin, 4 pp. Snap-action latch 

able covers and doors. Giv 

drawings for two different 

nock Mills, 1977 First A 

Cal 
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Captive Quick-Opening Fasteners: 


Southco standards provide many benefits at low cost for 


access through doors, covers, panels and into drawers 





LION % TURN FASTENERS FOR COUNTERSUNK 
Quick, positive locking, by fractional turn. 
Tight seal formed by compression of leaf (lllaa—Ullla 
spring. Alignment and stack height not crit- 
ical. Approved for aircraft use. Rugged. FOR OVAL HEAD 
Extra strength provided by swaged nose. Z Yi, 
Vibration resistant. 








RETRACTABLE SCREW FASTENERS 


Stand-off thumb screws from stock to elim- 
inate costly, special fasteners. Installed 
quickly without special tools. Accommodate 
misalignment. Complete range of standard 
sizes. 











ADJUSTABLE PAWL FASTENERS 


4) p 
Pre-assembled, quickly installed. Accommo- tr nh 11 She 
date variations in frame thickness up to ¥4 i] Dae B= 
inch. One-quarter turn closes, additional x) . KH F y P 
turns increase grip pressure. Attractive ap- . 4 f SS 


pearance, long life. Moving or pre-set pawl. 


Miniature, intermediate and large sizes. “ MOVING PRESET 








ADJUSTABLE PAWL FASTENER 


Has twin-knob control. One knob controls 
pawl, pointer shows pawl position. Other 
knob controls amount of pressure to seal 
closure with uniform pre-set compression. 
Easily installed. 











ADJUSTABLE PAWL FASTENER 


Compact and rugged. Eliminates rivets or 
bolts to save installation time. Three types 
cover grip range up to 34”. Supplied either 
with integral metal and plastic knob, plastic 
knob or for your knob. 








ARROWHEAD DOOR LATCH 


Requires only one hole to install. Operates 
on quarter turn. Holds under spring tension. 
Arrow shows pawl position; no pawl stops 
required. Uses minimum inside space. 
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For quick access and closure... 


LION 3 turn ciosss FASTENERS 


4 





NO. 5 STUD RETAINER 


Hinged and completely removable 
panels are secured reliably by unique 
Lion Fasteners which are opened or 
closed by a quick 4% turn. These mil 
spec (MIL-F 5591A-ASG) fasteners 
have a high strength to weight ratio, 
lock smoothly with a positive grip, 
withstand vibration. 


ALIGNMENT NOT CRITICAL 

Both stud and receptacle “‘float’”’ to 
accommodate misalignment. The hole, 
which retains the stud, is’ twice as 
large as the stud cross-section. This 
permits a float of .070 in all directions. 
The leaf spring receptacle also floats 
to accommodate stud positions. 


WIDE VARIATIONS IN STACK HEIGHT 
Total sheet thickness may vary as much 
as +.035 or —.015 without affecting 
operation. A Lion stud, specified for 
.160 total thickness, for example, will 
accommodate any stack height be- 
tween .195 and .145. 


SWAGED-NOSE STUD 
Extra strength and smooth operation 
are made possible by the swaged-nose 


RECEPTACLE 


‘ 


ie 
r 
4 
t 
r+ 
r+ 
vs 


design. All the metal in the stud goes 
to work. There are no thin crosspins, 
holes or milled slots to weaken the 
cross-section. Case hardening is fur- 
ther assurance of long, trouble-free 
service. 


WIDE VARIETY 

Lion Fasteners are available in 3 sizes 
—No. 5, No. 2, and Miniature. An 
assortment of head styles is supplied 
—oval, flush, wing, ring, notched or 
knurled—according to individual re- 
quirements. 





FASTENER 
HANDBOOK 


Send for your free copy of Southco Fastener 
Handbook No. 9. Gives complete engineering 
data on Lion Fasteners and other special fast- 
eners. Write to Sovthco Division, South 
Chester Corporation, 260 Industrial Highway, 
Lester, Pennsylvania. 
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HANDY ALLOY DATA SHEET 


HANDY & HARMAN ENGINEERING DEPARTMENT 
82 FULTON STREET, NEW YORK 38, N. Y. 


Handy & Harman Silver Brazing ition 
The COMPLETE line that meets all specifications and production needs 


Need to join any combinations of metals—ferrous and One Source of, and Authority On Brazing Alloys and 
nonferrous? Investigate the vast number of products, Methods makes —and makes readily available —the fol- 
assemblies and parts that are being joined better by lowing silver brazing alloys: 

silver brazing alloys. Handy & Harman, the Number 
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*A Solder — Not a Brazing Alloy. tFormer Names 


Space does not permit listing the many special alloys, always ready to work closely with you on metal joining 

formulated for a particular or unique application. Handy problems and methods. 

& Harman Brazing Engineers and Technical Service are Comprehensive technical literature covering all aspects 
of brazing methods and alloys awaits your request. 


GET THE FACTS FROM Your No.1 Source of Supply and Authority on Brazing Alloys 


BULLETIN 20 ‘ 5 
This informative booklet gives | 5 
a good picture of silver braz- | a 
ing and its benefits...includes | 
details on alloys, heating HAN DY & HARMAN 
tan Wechedanen® Wetee’ ine General Offices: 82 Fulton St., New York 38, N. Y. 
Offices and Plants: Bridgeport, Conn.+ Chicago, Ill. + Cleveland, Ohio Dallas, Texas + Detroit, Mich. 


your copy. 
Los Angeles, Calif.- New York, N. Y.+ Providence, R. !.- San Francisco, Calif.- Montreal, Canada» Toronto, Canada 
DISTRIBUTORS IN PRINCIPAL CITIES 
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BRIGINGE SELF-CLINCHING FASTENER 


Made in steel, stainless 
steel, aluminum and Monel. 
Positively locked into pre- 
pared holes by any stand- 
ard squeezing tool. For 
metal thicknesses down to 
.032”. Sizes from No. 0 to 
3%". Bulletin CL. 


SELF-CLINCHING, SELF-LOCKING NUT 


All metal (steel, stainless 
steel or aluminum) com- 
bines 2 functions in single 
light-weight, low-cost unit 
for sheet metal fastening. 
Suitable for installation in 
sheet thicknesses from 
-040” and up. Sizes from 
No. 4 to 10. Bulletin SL. 








SELF-CLINCHING CAPTIVE STUD 


Steel and stainless steel, 
designed for quick, easy 
flush-head installation in 
panels of cold-rolled steel, 
brass, copper, aluminum 
alloys and similar mate- 
rials, Sizes No. 4 to %”. 
Lengths from ” to 14”. 
Bulletin FH. 


SELF-CLINCHING FLUSH FASTENER 


One-piece, stainless steel 
threaded insert installs in 
sheet thicknesses from 
.061” and up with flush 
mounting area on both sides 
of sheet. Suitable for mate- 
rials with Rockwell Hard- 
ness of B-70 and less. Sizes 
No. 2 to 4”. Bulletin FH. 


| 
| 
| 





SELF-LOCATING WELD FASTENER 


Steel and non-magnetic 
stainless steel. Nut is pro- 
jection welded to part with 
extended shank protecting 
threads from weld splatter 
and serving as pilot in as- 
sembly. No. 2 to 4”. Bul- 
letin WN. 





SELF-CLINCHING FLOATING NUT 


Carbon steel and stainless 
steel. Provides rapidly as- 


sembled nut anchor in sheet 
metal and compensates for 
slight errors (up to '@”) in 
alignment of mating holes. 


Sizes No. 2 to 4”. Suitable 


for sheet thicknesses from 
.040” up. Types AS and AC. 


——_ . 


ES 
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SELF-CLINCHING STAND-OFFS 


Made in both blind and 
threaded-through types in 
steel, aluminum and stain- 
less steel. Sizes No. 4 and 
No. 6. Overall lengths from 
ly” to 1%". Suitable for 
use in sheet thicknesses 
from .040” and up. Bul- 
letin SO. 


SELF-CLINCHING SPLINE FASTENER 


For hard metals and brittle 
materials — magnesium, 
glass laminates, epoxies, 
etc. Made in steel and stain- 
less steel. Sizes No. 2 to 
34". Type KF. 
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CAMLOC FASTENER CORPORATION - 22 SPRING VALLEY RD., PARAMUS, N. J 


358 


specialists in 
fasteners for industry 


speed - versatility - positive performance 


Outstanding creative engineering at Camloc has 
produced a variety of fastening devices. For ac- 
cess panels, doors, other closures, for simplified 
replacement of components and sub-assemblies 
There are other fastening devices, designed for 
a variety of specialized applications, all of them * 
retaining the three important features that 
characterize all Camloc products speed 


versatility and positive performance 


1. 5F fastener for thin materials © 6. 37L Heavy Duty Container Latch 
2. 2600 Series Quarter-Turn 7. 28F Series Quarter-Turn 

3. Miniature Toggle Tension Latch 8. 7€ Harness Clamp 

4. 461 Container Latch 9. 4002 Series Quorter-Turn 

5. Electronic Chassis Latch 10. SPF (Stressed Pane! Fastener) 


cpmioc 


JUST OFF THE PRESS 
Catalog No. 60 
Write for your 

free copy now 
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dustries, 
Inc. 


Home Plant and Offices 
9701 S.E. McLoughlin Bivd Liv 


Portland 22, Oregor 


Eastern Distribution Center 
10515 Reading Road, PRincetor 
Cine nnat 4)! Or o 


OMARK Industries (1959), Ltd. 


165 York Road, Guelph, Ontario 


Sporting Arms, Ltd. 


Adelaide, South Australia 


Svenska-OREGON AB 


Kopparberg, Swede 


On-the-job, single-source servi 
factory branches in major ci 


OMARK-Northeast, Inc 


Southwest Park, Routes 1 and 128 


t t Westwood, Massachusetts, DAvis 6-5680 
OMARK-Northeast, Inc. 
New York Division, 40-18 Crescent Street 


Long Isiand City, N.Y., EMpire 1-2290 


3 OMARK-Mideast, Inc. 
5801 Torresdale Ave., Philadelphia, Pa 
Ploneer 3-1219 


OMARK-Mideast, Inc 


4153 Hayward Dr., Baltin 


Liberty 2-5474 
KNOW THE MAN eae 


1806 West Platt St 
8-3647, 88-1551 


W OMARK-Southeast, Inc 
1543 N.W. 54th Street, M 
OXford 1-678) 
OMARK-Southeast, Inc 
Specifically, for multiple fastening to all kinds of metal ... thick or thin . . . for light load + no Hays E  ealaten 
or heavy . . . with equipment you take to the joh (as in building and construction), or OMARK-Seuthesst, inc 
work you take to the fastening machine (as in product manufacture and assembly)... it _ anta Bivision 440 Northside 
tlanta, Ga., JAckson 5-6426 
pays to know the man from OMARK. , ‘ : 
OMARK-Wisconsin, Inc. 
. . . : 5100 West Bluemound Rd., Milwaukee 
He not only offers you a system of burn-and-distor’ion-free stud welding which solves SPring 1-4420 
your metal fastening problems. He also brings you dependable on-the-job counsel, and an OMARK-Midwest, Inc 


engineering service to help you specify exactly the right studs and equipment you need. ety By erton St 


Join the increasing numbers of manufacturers and contractors who are finding that, in porn em asks, Inc 
“ “ity .. 610 Natura! Bridge, St 
the field of metal fastening, the man from OMARK is “the man who can show you how”... HArrison 8-2702 
Phone him at your nearest OMARK direct factory branch, OMARK-St. Louis, Inc. 
Kansas City Branch 
4008 Baltimore Street, Ka 
Plaza 3-4935 
OMARK-Ohioc, Inc. 
10515 Reading Road 
PRinceton 1-4330 
OMARK-Ohio, Inc. 
437 Holtzman Avenue 
Clearbrook 8-5322 


PORTABLE MACHINES . . LE & MULTIPLE GUN OMARK-Ohio, Inc. 


FOR BUILDING, STANDARD & CUSTOM BENCH MACHINES ise 


CONSTRUCTION AND DESIGN IN UNLIMITED FOR INDUSTRIAL OMARK-Southern, Inc. 
SHIPYARD USE— SPECIFICATION— FABRICATION— 1900 Veteran's Memorial Hwy 


Metaire-New Orlear La., VE 


OMARK-Southern, Inc 


2039 Grant Street Ala 
GRant 9-0315 
OMARK-Southwest, Inc 
1305 Akard Street, Dalia ; 
Riverside 7-700) 

i OMARK-Southwest, Inc 

3713 S. Littlejohn, Ft. Worth, Texas 
Jefferson 4-4314 
OMARK-Southwest, Inc 
3111 Leeland Avenue, Houston, Texas 
CApitol 5-4865 
OMARK-West Coast, Inc 
746 Ellis Street, San Francisco 9 
io 


PRospect 5-6243 

OMARK-West Coast, Inc. 

(Southern 

401 E. Washington Bivd., Los 

Richmond 7-069! 

OMARK-West Coast, Inc. 

Southern 

1815 Hancock Street, Sar 

CYpress 6-6146 

See the yellow pages under weldin 
equipment” for your OMARK dealer's 


name 
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CULcosTs ON BLIND 


ts 


OR OPEN 





with HIGH SPEED 


Chobert. 


AUTOMATIC RIVETING 


The fastest blind riveting method known... gives un 
formly excellent fastening every time. One man, even 
unskilled, easily completes rivet installation from one 
side of the work in either open or blind riveting applica 
tions in less than 2 seconds. Up to 2000 rivets an hour 
can be set on production line work 


_—— 


Speeds production 
—Cost is low 


EASILY OPERATED...FAST...DEPENDABLE 
The Automatic Chobert High Speed Riveting Gun holds 
a mandrel of up to 65 rivets, each automatically held 
ready for installation as fast as the operator can posi 
tion the portable gun. Hand placing and bucking of 
rivets is eliminated...no finishing is required. Chobert 
simplifies blind or open fastening on vertical, horizontal 
or overhead surfaces, even areas normally considered 
inaccessible 


EVERY RIVET UNIFORMLY SET 

Each rivet expands evenly, assuring uniformity of 
strength and vibration resistance, without distortion or 
marring sheet metal. Chobert aluminum or mild steel! 
rivets are available in diameters from %,” to 4” 


The Chobert System is successfully used by leading 
manufacturers of appliances, industrial equipment 
electronic components, aircraft, missiles and other 
sheet metal fastening operations 
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BALL-LOK 


POSITIVE LOCKING 
QUICK RELEASE 


PINS 


FAST...SAFE...DEPENDABLE 


Available in both single acting and 
double acting styles. 


The ideal fastener for applications where parts or 
assemblies are frequently assembled or disassem- 
bled for service or replacement. Also BALL-LOK 
PINS are widely used as a safety fastener to pre- 
vent accidental or premature release of movable 
assemblies 


For every design requirement where a pin fastener 
must be easy to insert...quick to withdraw, yet pro- 
vide positive safety BALL-LOK single acting pins 
serve best. Five head styles adapt to all design 
requirements. Pins range from %,” (#10) to 1” 
diameter. 


POSITIVE RELEASE UNDER 
‘OVERLOAD” OR “‘BOUND” CONDITIONS 


Double acting BALL-LOK Quick Release Pins combine 
rugged strength with instant insertion, easy with- 
drawal and self safetying. In cases where ordinary 
fasteners may bind in misaligned holes or under 
heavy loads the added “drive-in” “drive-out”’ spin- 
dle permits forcible release of the pin. Double act- 
ing pins are available in “Ring,” “T” and “L” head 
styles. Use the experienced technical knowledge 
of our engineering staff to help solve your quick 
release fastener problems. 


FOR TECHNICAL DATA—WRITE FOR BROCHURE AV-460 
AVDEL, Inc. is the new corporate name for the combined 


facilities of Aviation Developments, Inc. and D. W. Price 
Corp., leading manufacturers of quick release pins. 


210 SOUTH VICTORY BOULEVARD * BURBANK, CALIFORNIA 
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How Truarc rings 


simplified design 











Look behind this big saving in parts on the auto contact 
points made by Shurhit Products Inc., Waukegan, Illinois. 
One Truare Ring replaced an expensive special purpose 
fastener. Another eliminated a clip and retaining plate which 
were 4 times more expensive and difficult to assemble. A third 
replaced a special purpose nut. 

Equally important, besides simplifying and improving 
design, Shurhit reduced the over-all size of its auto points 
by %” and reduced assembly time by 50%. Savings: $60 per 
1000 units. Let Truare Rings help cut your basic manufac- 
turing cost by simplifying design and making assembly faster 
and easier. Rings often contribute highly saleable compact- 
ness as well! 

WHY TRUARC RINGS BELONG ON YOUR PRODUCT 
They offer a simple and effective way to locate, retain or lock 
components in place. They fit into grooves inside bores and 
housings. They work as effectively on shafts or studs (some 
without grooves). 

More than a fastener! Truarc Rings act as a component by 
replacing machined shoulders, threaded fasteners, rivets and 
other fastening devices. What’s more, they often eliminate 


9 OUT OF 10 PRODUCTS CAN BE 
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TRUARC 
DESIGN 


“OD [ 


Strits 
$133 


oO 
@) 


threading, tapping, drilling and other machining operations. 
Available in 50 types (some with up to 98 sizes), in 6 metals, 
and 13 finishes—Truarc Retaining Rings can be conveniently 
ordered from more than 100 stocking points throughout the 
U.S. A. and Canada. 

Read about the impact of Truarc Rings on more than 70 dif- 
ferent designs (your product type may be among them) in 
our Catalog RR 10-58. For immediate action call your nearest 
Authorized Truarc Distributor. Look under “Rings, Retain- 
ing’”’ in the Classified Telephone Directory. °.1 


7~ WALDES 


u TRUARC 
<j; RETAINING RINGS 


WALDES KOHINOOR, INC., 
47-16 Austel Place, Long isiand City 1, N. Y. 


IMPROVED WITH TRUARC RETAINING RINGS 


© 1960 wacoes Konimoon, ine. 
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3-Point Support Helps You Design 
for Simpler, Lower-Cost Assembly 


RIVETS 

TRS offers you an unsurpassed 
choice of tubular rivets, quickly 
available to handle almost any fast- 
ening problem. Also, the Perma-Nut, 
a versatile combination of rivet and 
nut. You can’t beat rivets for low in- 
place cost . .. or TRS rivets for uni- 


RIVETING MACHINES 

TRS has the machines, no matter 
what the type or capacity, to help 
you obtain the full money-saving 
advantages of automatic riveting as 
an assembly method. With TRS riv- 
eters, impossible-to-rivet jobs often 
become practicable . . . standard jobs 


PAR PROCESS 

A TRS man puts the PAR PROC- 
ESS to work for you through a 
planned check of your assembly 
operations. Aimed at improving effi- 
ciency by eliminating, simplifying, 
speeding up steps, this unique TRS 
approach makes riveting practically 
a new method of assembly. 


form, trouble-free performance. always become more efficient. 


USE TRS SUPPORT early in your planning. Invite a TRS Engineer to demon- 


strate the unequalled combination of fasteners, machines and know-how that 
has uncovered important economies for hundreds of assemblers. 


, =TUBULAR RIVET & STUD COMPANY 


QUINCY 70, MASSACHUSETTS © TRS SALES OFFICES: Atlanta * Buffalo * Charlotte * Chicago 
Cleveland e« Dallas « Detroit « Hartford « Indianapolis « Los Angeles « New York 
Philadelphia « Pittsfield » Quincy « St. Louis « Seattle. WAREHOUSE IN CHICAGO 


hone numbers 


and Better L} Wout uU lt U 


See “Yellow Pages” for ¢ 


If it’s a Tubular Rivet TRS makes it... 
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Rolipin won't mushroom or telescope 

There are no installation or removal prob- 
iems with Rollpins. Because of their column 
strength they can be readily driven with a 
hammer, removed with a punch without 
bending or collapsing. Of course production 
line tooling such as an arbor press, a pneu- 
matic hammer .. . even a hand riveter.. . 
is ideal for Rollpin insertion. 


Rollpin won't damage or eniarge hole 


With smoothly chamfered ends providing 
an easy lead-in, Rollpin is compressed into 
complete conformity with the shape of the 
hole. The exclusive, v-shaped, coped corner 
design eliminates possibility of damage to 
the hole walls. They prevent any possible 
scoring action as the pin is driven and in- 
sures uniform insertion and removal char- 
acteristics. The benefit to you: the same pin 
can be reused in the same hole. 


ONLY ROLLPIN OVERCOMES ALL THESE FASTENING PROBLEMS! 


Rollpin exerts EVEN pressure 


In some fasteners, only a portion of the fas- 
tener shaft does the actual holding. Rollpin, 
however, exerts a uniform pressure around 
the entire inside surface of the hole—giving 
you maximum holding power and superior 
resistance to vibration. 

Split tubular construction assures uni- 
formity of heat treatment that is difficult to 
obtain with spiral types of pins; there is an 
even plating “throw” inside the pin as well 
as outside for superior corrosion protection. 


ONE TYPE of Rollpin does EVERY TYPE of job 


Versatile Rollpins will replace at least 12 
different types of fasteners. Every Rollpin 
can be hopper-fed, can be installed with a 
single operation. They are available, from 
stock, in a wide range of lengths and in 
diameters from 1/16” to 1/2”. Manufac- 
tured from carbon or corrosion resistant 
steels and beryllium copper. 


Dept. R59-945, Elastic Stop Nut Name_ 
Corporation of America 

2330 Vauxhall Road | Title___ 
Union, New Jersey 


Please send me ROLLPIN 
ELASTIC STOP NUT ve. 
CORPORATION OF AMERICA bulletin 
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Another New Fastener Idea From Parker-Kalon 





The New PARKER-KALON 


W-POINT Socket Set Screw 


U.S. PATENT NO. 2,907,245 
Now you can get the highest degree 
of holding power ever attained! 


30% more back-out torque 50% more resistance to vibration 50% more resistance to rotary slippage 


Like many important advances in technology, the Parker-Kalon W-Point concept is simple and straightforward. In 
use, its superior performance and holding power will be demonstrated to your own satisfaction. Available from P-K 
distributors at no increase in cost. 


A COMPLETE LINE OF SOCKET SCREWS TO MEET EVERY REQUIREMENT! 


SOCKET SOCKET SHOULDER FLAT HEAD BUTTON SOCKET SEMS 
HEAD SET SCREWS SCREWS SOCKET CAP HEAD 
CAP SCREWS SOCKET CAP 


SCREWS 
SS 


4 Fa 
> i 
wy 


DOWEL PINS 


4 


SOCKET 
dd i 


Now you can get all of these famous P-K® quality 
socket screws with or without 


the vibration-resistant 


LONG-LOK’ INSERT! 


Look at that groove! It’s P-K’s secret weapon against 
vibration. Filled with Polycap nylon-type polymer, it 
solves a thousand and one problems where vibra- 

tion is present... where adjustment is required 


... where reuse is a factor, over a wide tem- 
perature range. . 3 m 


© Provides higher resistance to shock 4 
© Higher percentage of reusability . : FASTENERS 
* 


¢ Superior thread engagement and locking force Parker-Kalon Division, General American 


_ r 
e Eliminates need for lock washers, safety wires Transportation Corporation, Clifton, New Jersey 


© The Long-Lok insert is available on P-K 
Socket Head Cap Screws, Set Screws, Flat Heads, *, 
Button Heads, Shoulder Screws and Pipe Plugs. 


Offices and Warehouses in Chicago and Los Angeles 


BUY PK MADE IN U.S 
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THE LIQUID LOCK FOR METAL PARTS 


... improves fastener reliability and reduces costs! 


LoctITE sealant makes ordinary fasteners into lock fasteners at savings of 40%-70%. 
Locking action extends over the entire engaged area providing unequalled resistance 
to vibration... ends breakdowns due to loosening of fasteners. A single drop of 
Loctite replaces all sizes of lock nuts, lock washers, lock screws, jam nuts, staking 


and interference threads. 








~ ELIMINATES LOCK WASHER OR 
SELF-LOCKING SCREW 


Makes ordinary screws into lock screws. Several 
times the holding power at savings of $20, M 


~ ELIMINATES SELF-LOCKING 
NUT OR JAM NUT 


Locks non-seated nuts anywhere along the lengtt 
thread 

















“ELIMINATES INTERFERENCE FIT 


Locks studs securely locking action develops 
after stud ts in place allows easy-driving Class 
2 threads. End stripped threads, broken studs 
damaged castings 


~ELIMINATES DOUBLE SET SCREWS, 
SELF-LOCKING SET SCREWS, JAM 
NUTS ON EXTENDED SET SCREWS 
OR STAKING 


TITE-treated set screws cannot v 
{1 nursance service cal 








~ELIMINATES SELF -LOCKING 
NUT OR LOCK WASHER 


Makes any nut a lock nut. Saves 40% %%. Hold 
securely where lockwashers fail. Does not depend 
on tightening torque for locking action 


“ELIMINATES SPECIALS OR STAKING 


Makes any threaded part self-locking 


~ ELIMINATES BLIND 
HOLE TAPPING, SPECIAL 
LEAK-PROOF FASTENERS 


LOCTITE locks and seals threaded parts 
vibration and high-pressure fluids 


~ ELIMINATES SELF -LOCKING 
SCREW OR JAM NUT 


Get the right setting the first try no backlash 


LOCTITE provides the proper amount of drag t 
hold adjustment securely. Permits repeated ad 


i 
‘ 





LOCTITE Sealant is easy to apply... simple to automate 


Labor savings are obtained when several days 
supply of threaded parts are treated by tumbling 
with LoctireE Sealant. Treated parts store for days, 
lock only when assembled. Smaller quantities may 
be tumbled by hand in polyethylene bags. Parts 
may be individually treated using applicator 
nozzle on LoctiTE bottle or by using continuous 
feed tube. Parts may be treated after assembly, 
LoctTIirE wicks into threads by capillary action. 


LOCTITE Kit No. 10-10 


Contains 10 grades of Loctite sealant specially put 
up to assist engineers in determining proper grade of 
Loctite in product development and for general experi- 
mental work. By selection of proper grade, the designer 
can apply a pre-determined amount of locking torque. 


Write for literature and free sample capsule, 


Loctite is a thin liquid that hardens into a tough 
heat and oil-resistant seal when confined between 
closely fitting metal parts. It requires no heating or 
mixing . . . does not air dry. Locrire comes fully 
prepared .. . stores for years . . . hardens only 
when treated parts are assembled. Ten grades pro- 
vide any desired torque to all sizes and types of fas- 
teners. Loctire-treated fasteners may be removed 
with ordinary tools . . . fasteners may be re-used. 





AMERICAN SEALANTS COMPANY « 119 WOODBINE ST., HARTFORD 6. CONN. 


LOGTIUTE seaALawr 
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SPEED 
PRODUCTION 


LOWER COST 


on your 
products 


with this 


GRIP-NUT 


family of 


GRIPCO 
FASTENERS 


All types and sizes of 
Gripco fasteners listed 

in catalogue are available 
for immediate delivery. 
Qualified fastener 
engineers are available 
for consultation on all 
your assembly problems. 


® MINIATURE WELD AND CLINCH NUTS, 
WITH OR WITHOUT LOCK. 


© GRIPCO AND CENTERLOCK 
HI NUTS. 


® STANDARD SEMI-FINISH FULL 
AND JAM NUTS. 


® STAINLESS STEEL LOCK, WELD 
AND SEMI-FINISH NUTS. 


® COLD FORMED SPECIAL NUTS 
OR PARTS TO PRINT. 


The Hation’s Oldest Maxuhactwrer 
ns of Lock Huts 


Send for samples and NEW CATALOG today 


GRIP-NUT comranv 


102 MAPLE AVE. * SOUTH WHITLEY, INDIANA 


366 CIRCLE 366 ON READER SERVICE CARD 





cut production time and costs 


with INDUSTRIAL 


RETAINING RINGS 


Save material, eliminate costly machining and tooling, speed 
assembly with pre’ ision-made Inpustriat Retaining Rings. They 
can be re-used over and over again because of their lasting 
resiliency and sustained circularity. 


Internal, external and open types are available for immediate 
delivery in a wide range of sizes and finishes. Open-type rings 
are also available stacked for speedier assembly. 


Write today for free ring samples and catalog. 


Originators of modern 
retaining ring dispensing 


INDUSTRIAL RETAINING RING COMPANY 


PE-9, 57 Cordier Street © Irvington 11, New Jersey 
CIRCLE 657 ON READER SERVICE CARD 








USE 
THE 
READERS’ 
SERVICE 


CARD 


on pages 17 to 22 


for: 


additional product 
information 


copies of catalogs 
& bulletins 
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(G-66) Retainers of Molded Plastic— 


Prints, 14 pp. Retainers hold fabrics. Re- | 
tainers may be decorative or hidden. Prints 

detail parts and methods of attaching. 
Monadnock Mills, 1977 First Ave, San | $ 
Leandro, Cal. 


(G67) Clip-on Nuts—Bulletin, 11 pp. 


Spring clip and nut replaces riveted nut- ys h ~ 

plate. Prints detail different sizes. Monad- saeaaadll ese rst C OLCe of 
— Mills, 1977 First Ave, San Leandro, Sal econ 

sal. 


ges dustrial designers 


(G-68) Door-retaining Cable Fasteners— 
LEADERPOINT 


Bulletin, 23 pp. Quick-acting fasteners GRIP HEAD 

allow access doors to hang from cable CAP SCREWS or stronger, 
when door is open. Provides prints of all 
parts. Monadnock Mills, 1977 First Ave, 


San Leandro, Cal. LEADERPOINT tighter 


FLAT HEAD 
CAP SCREWS 


(G-69) Spring-loaded Latch—Bulletin, 8 4 
pp. Spring-loading reduces noise from Comm astenings i 
removable panels and doors. Prints show 

LEADERPOINT 


each part. Monadnock Mills, 1977 First SUTFON HEAD 
Ave, San Leandro, Cal. CAP SCREWS 


(=== Here’s the way to figure it 


(G-70) Curtain Slides—Bulletin, 10 Pp. canton ocemen, 
Slides are designed for aircraft. Curtains 
attached by snap fastener or hooks. In- The cost of genuine Allen Hex Socket 
cludes prints. Monadnock Mills, 1977 

First Ave, San Leandro, Cal Screws is such a minor fraction of your 
PIPE PLUGS 


(G-71) Threaded Panel Fastener — Bro assembly costs that you'll surely 
chure, 6 pp. Quadruple threads make f , 
screw quick-acting. Sizes for sheet metal 


from 0.100 to 0.924 in. thick. Monadnock 
Mills, 1977 First Ave, San Leandro, Cal 


want your products to have the many 
ALLENUTS 


a advantages that only genuine Allens 


(G-72) Junction Box Fastener — Data DOWEL PINS 
sheets, 4 pp. Cutaway views, dimensioned can give you! 


drawings and size tables give details on 

quickacting door, cover and panel fas- ce 1 

tener. Monadnock Mills, 1977 First Ave, 1457 STANDARD ITEMS 
San Leandro, Cal. 


G-73) Assembly Fasteners—Brochure, 8 | ADVANCED DESIGN FEATURES: .“Pressur-forming” that preserves 
: Koc ry I ten of colfcctain- the long fibers throughout the length of Allen Hex Socket Screws... the 
PP- fest 6 am paar hag stig deep, full circle bite of Allenpoint Set Screws . . . deep, clean, strong-walled 
ing fasteners Company ‘ a P- sockets ... these, and many other advantages that make your product 
Most are adapted for high production. | better, are yours only with genuine Allen Hex Socket Screws and related 
Robin Products Co, 27027 Groesbeck products. 
Hwy, Warren, Mich x 

WRITE FOR... Allen ‘“‘Technical Library” —-— 
“ . H handbooks filled with helpful socket screw data 
(G-74) Weld Fasteners—Catalog, 50 pp. answers to any questions you may have on specifi- 
Lists dimensions for weld nuts, weld <a se hn omer sane: A yo alae 2 
screws, special purpose weld parts. In- etc. Or ask your industrial distributor for copies. 


cludes welding and electrode data, sample 
welding a 1 wo Se — rm Genuine Allien products are sold only 
& Bolt Co, 33 First Ave, Berea, Ohio <i, through leading Industrial Distributors 

7 * Your Industrial Distributor will give you 


. . ™ , ly practical advice on Allen products and 
(G-75) Hot Melt Adhesives—Catalog, my he'll provide samples—and special help 


12 pp. Rolls of adhesive in cord-like form ~ from Allen’s Engineering Service. 
are for paper, leather, fabric and plastics. 


Also shows machines for applying. United | THE ALLEN MANUFACTURING COMPANY, HARTFORD 1, CONNECTICUT 


re ee Corp, 140 Federal St, | pianwr aT BLOOMFIELD, CONNECTICUT © WAREHOUSES IN CHICAGO AND LOS ANGELES 
oston ° 


continued 
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THE SPIRAL COIL 
makes sPIROLA true spring: PIN 


SPIROL offers the widest range of 


SPIROL PIN is a spirally coiled metal strip 
flexibility, tension, and strength 


that acts like a true spring. When the pin is 
compressed into a hole, the radial tension is 
distributed uniformly throughout the spiral 
coils. There is no concentration of stress along a For applications where 
a ae <a . : , . rh hear and shock loads are 
fragile “hinge line”. This real coil-spring action a8 extremely severe, Spirol 
permits wider plus-and-minus hole tolerances ‘ pin's spring action with- 


HEAVY DUTY 


se oa , stands high stress 
... eliminates precision reaming . . . works 


successfully with jow-cost non-heat-treated 
metals. SPIROL’s greater resilience increases 
shear strength, shock and vibration resistance. 








MEDIUM DUTY 


Flexibility enables medium 
duty pins to absorb severe 
ibration. Have adequate 
shear strength for majority 


FREE! Write for literature on Spirol Pins. ra ie 
7 of applications 


® 
SPIROL+; PIN gooos = 
a ASA , 4 Recommended for use in 


soft and brittle materials 
where the allowable bearing 








— 
| C. E.M. COMPANY, INC. + 42 SCHOOL ST.+ DANIELSON, CONN : oa loads are low. 


a 


"ep one” 
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ingenuity 
research — 
development 
solves 
SPRING 
FASTENER 
problems 


Of course, Garrett maintains complete 
stocks and sizes of many variations of flat 
nuts, “‘J’’ nuts, “U’’—in both cone and twin- 
prong impressions — as well as round and 


4 This is for an engineer... 


p who is faced with a fastener 
(or cree 


immediate 


problem, Forget your empty 

drawing board. Let Garrett 
ingenuity, through its research and develop- 
ment department, solve your spring fastener 
problem. Garrett spring fasteners may be com- 
plex or simple... Custom or special .. . large 
or small. Whichever they may be, each has a 
common quality—the ability to solve your par- 
ticular fastener problem. Furthermore, this 
quality can be proved through sample quanti- 
ties by your own testing facilities. 


rectangular push-on nuts for 
delivery. 

Garrett offers complete facilities, and 
exercises strict quality control in every manu- 
facturing operation of spring fasteners . . 
from stamping to heat treating through plating 
or finishing, including Garrettizing, our own 
new mechanical impact method of zinc plating 
without hydrogen embrittlement. 


For further information, write GARRETT . . . THE MOST COMPLETELY INTEGRATED PLANT IN THE INDUSTRY. 


GEORGE K. GARRETT COMPANY, INC. 


8851 TORRESDALE AVE., PHILADELPHIA 36, PA. 


OTHER QUALITY PRODUCTS BY GARRETT 
J ot ap Ma =>, -_ ~ 
ee 


Live FD j et 
— LF NY \\ Pe 
hose clamps 


stamping: 


helical spring lock washers Pa flat washers j spring washers 
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ANSWERS to specific fastening problems 
...by SIMMONS aia 


Economy, design flexibility, quick 
and easy installation, strength, and 
smooth, dependable action are ad- 
vantages of these Simmons Fas- 
teners, made for a variety of special 
applications. Whatever your fasten- 
ing problem, engineering aid is 
available from Simmons. 


HINGE-LOCK 


LINK-LOCK- Idea! latching de- 
vice where heavy locking pressure is nec- 
essary. Available in heavy, medium, light 
duty, for use in military and commercial 


containers and demountable construction. 
HINGE-LOCK. 4 rugged pres- 
ms sure hinge which provides a strong seal 
¥ along the hinge line of gasketed equip- 
HOOK-LOCK- Springless. posi- ite: : i ment containers and transit cases. 
tive-locking latch which lies flat against We i Matched hardware with LINK-LOCK. 
mounting surface, open or closed. Pro- 
vides high closing pressure and load- 
carrying capacity. For military as well as 
commercial container applications. 


f 


DUAL-LOCK_- Impact and vibra- 
tion-proof high-load butt-joint fastener 
that will not accidentally unlock or 
loosen. Recess in panels or surface 


mount. Withstands 7000-lb. tension ROTO-LOCK. Versatile fastene: 
for butt or right-angle joints in portable 
shelters, partitions, knock-down shipping 
boxes, etc. Solidly built, springless 


SPRING-LOCK- Perfect, 
proved blind rivet for removable covers 
and panels on electric and electroaic 
equipment, sheet-metal automobile parts, 
appliances. 
Plastic Spring-Lock 
Shelf Supports with 
“heart of steel” help re- 
frigerator makers cut 
costs, speed production, QUICK-LOCK- For assembling 
simplify servicing. removable panels and access doors. 
Locked by a 90° turn. Various sizes and . a 
7 ‘ Bw ~ ea 
types, for weather-tight electrical units, : 
“ex ge it CLAMP-LOCK - 4 simple and 
cowlings, access panels. rit b 
strong, positive-locking clamp for fast as- 
SEND TODAY (or your copy of the Simmons catalog, sembly (and disassembly) of permanent 


with specifications, applications, installation instructions for all or temporary rooms and buildings of 
Simmons Fasteners. Samples are available. For special assistance, flanged-panel construction. 


describe your requirements. 


Sli M MONS FASTENER CORPORATION 


1751 North Broadway, Albany 1, New York 


See our condensed catalog in Sweet’s Product Design File 
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4 
to fasten 


panels 
Or parts... 


NAAAANANS 


La 


a 


“= 


| 


LLLLLLLLLL LL 


LIGHT, STRONG 


TRIMOUNT | 
STUDS 


Designed for rapid assembly of sheet-metal, 
plastic or composite structures, Dot Trimount 9° 
studs are available in both permanent and remov- , 

able types. They can be pushed into drilled, Push Rivet Stud Push Rivet Stud Push Rivet Stud 
stamped or molded holes by finger-pressure alone Shoulder Type (Copped) Tapered Type (Capped) Shoulder Type (Not Capped) 


yet they lock positively in place and resist con- 
NA 


stant vibration. 
Push Rivet Stud Clinch Type Stud Clip-on Stud 
Tapered Type (Not Capped) 


\ 
- 


y 


@ 


Studs can be designed in steel or brass with var- 
ious flange configurations for clinch, clip or clamp 
attachment to flexible or rigid panels as well as 
for push-through assembly. Available in all stand- 
ard finishes . .. with or without decorative caps. 


DESIGN 
ENGINEERING SERVICE 
Trim Stud Trim Stud 


Designers, metallurgists and plastics specialists Barrel Type Scissors Type 
on Dot’s engineering staff are equipped to work 
out optimum combinations of metal and plastics 


to suit your particular requirements. JO 
> For further details, & 


yrite for Engineering Data Catalog, Secti 
write for Engineering Data Catalog, Section H enn tien teed Peced tea mae iia 


Staple Type Hook-on Type 


ER 
“li CARR FASTENER COMPANY 


Division of United-Carr Fastener Corporation, Cambridge 42, Mass. 


4 Ang Offices in: Atlanta, Boston, Chicago, 
STEN® Cleveland, Dallas, Detroit, Kalamazoo, Los Angeles, Louisville, New York, Philadelphia, Syracuse 
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General Purpose Hinge 
Creates Flush Surfaces 


These hinges are completely 

hidden from view when door, 

lid or hood is closed. Makes 

possible flush, absolutely 

smooth surfaces that greatly 

enhance appearance and safety. 

Tapered body sections are pre- 

cision castings of a special zinc 

base alloy having a tensile 

strength of 47,000 pounds per 

square inch. Operates in a 180 degree arc which permits 
full opening. Laminated link construction reduces fric- 
tion and permits hinges to operate freely and smoothly. 
Hinges are reversible and may be used right or left hand. 
Available for wood or metal application in a wide variety 
of sizes. For complete details, prices and free illustrated 
catalog, write today to 


SOSS MANUFACTURING CO., Dept. PER-13 
P.O. Box 38, Harper Station, Detroit 13, Mich. 
CIRCLE 658 ON READER SERVICE CARD 


PROVIDE VIBRATION-PROOF HOLDING 
AND QUICK, FOOL-PROOF RELEASE! 


APPROVED UNDER ARMY-NAVY STANDARDS 


Here’s a simple, easy means of securely 
fastening assemblies to withstand shock or 
vibration, and yot allow quick removal for 
inspection or repair. Instant snap action en- 
gages or releases fastener . . . no tools 
are required! After installation, fasteners 
never need adjustment . . . even with re- 
peated use. 

Three sizes available for different load 
requirements. Large and medium sizes are 
made of corrosion-resistant stainless steel. 
Small size is made of nickel-plated brass. 
Stock parts fit various thicknesses of flanges 
and mounting plates . . . special parts 
can also be supplied. 


202 E. SIXTH STREET DAYTON, OHIO 
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catalogs and bulletins continued 


(G-76) Phillips Head Screws—Manual 
Furnishes specifications and standards for 

vs and driver-bits. Also has informa 
tion on quality control and inspection 
techniques, driving methods. Screw Re 
search Association, 161 Prescott St, E Bos- 
ton 28, Mass 


(G-77) Weld Fasteners—Brochure, 8 pp 
Gives dimensions of screws, studs, nuts, 
pins designed for projection welding. Also 
spot weld nuts. The National Screw & 
Mfg Co, 2440 E 75 St, Cleveland 4 


(G-78) Threaded Inserts--Catalog, 14 pp 
Gives dimensions, strength, installation 
and removal data for internally threaded, 
externally threaded and other types. New- 
ton Insert Co, 6500 Avalon Blvd, Los 
Angeles 3. 


(G-79) Self-locking Fasteners—Catalog, 23 
pp. Presents dimensions, strength, physical 
properties of bolts, screws, nuts utlizing 
nylon pellet inserts. The Nylock Corp, 
611 Industrial Ave, Paramus, NJ 


(G-80) Nylon Fasteners—Catalog, 8 pp 
Gives dimensions of machine screws, cap 
screws, set screws, nuts. Lists properties of 
nvlon Nylogrip Products, 570 Pleasant 
St, Watertown, Mass 


(G-81) Blind Rivets—Brochure, 4 pp 
Gives materials and dimensions of hand 
hammer-driven rivet for wood, plastic, 
metal. Olympic Screw & Rivet Corp, 
11445 Dolan St, Downey, Cal 


(G-82) Coatings and Adhesives—Catalog, 
8 pp. Presents tables of uses, application 
methods for compounds used on wood, 
metal, plastic, fabrics, leather, others. Price 
& Stevens Chemical Corp, 710 Ohio St, 


Buffalo 3, Ohio 


(G-83) Retaining Rings—Catalog, 36 pp 
Provides design data, dimensions and in 
stallation instructions for spiral wound and 
snap rings. Ramsey Corp, Box 513, St 
Louis 66 


(G-84) Film Adhesive—Bulletin, 6 pp 
Phenolic, waterproof adhesive is in form 
of continuous roll of film. Uses include 
plywood gluing, laminating and metal 
bonding. Reichhold Chemicals, Inc, 525 
N Broadway, White Plains, NY 


(G-85) Continuous Hinges—Catalog, 12 
pp. Diagrams hinges for control cabinets, 
metal panels, aircraft. Tables give sizes. 
Standard length is 72 in. The Rex Hinge 
Co, 1540 Coit Ave, E Cleveland 12, Ohio. 


continued 
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COLD- 
HEADED 
SPECIAL 
PARTS 


Substantial savings are often achieved through 
the use of low-cost cold-headed parts in 

place of complex assemblies or pieces 
requiring several machining operations. The 
examples shown here represent a wide 

variety of possibilities, yet these are only a few 
of the thousands we have produced. Our 

sales engineers and field representatives 

are ready to give you skilled advice on 
potential adaptations to your products. 


Just call your Elco man 


ELCO *%: SCREW CORPORATION 


1135 SAMUELSON ROAD, ROCKFORD, ILLINOIS 
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How You Can” ,, 
‘Save Boss Space and 
Weight in Thread Design [IE 
...with HELI-COIL Inserts 9iiiceouae 
—— — BITES 


7 






































STANDARD AND 


Solid bushing Heli-Coil Insert Space and weight BINDING HEAD SCREWS 
. ~ a ' i Slotted, Phillips, Sems; also type A, 
requires oversize permits standard | saved by Send t Gaies Bae end 
boss boss proportion Heli-Coil insert | = type F thread cutting screws. 
As seen in the illustrations above, Heli-Coil ° 
Inserts save 56% in space, 63.5% in weight. 











Heli-Coil stainless steel wire inserts have a smaller outside diam- 
eter than any solid bushing. Therefore, with Heli-Coil Inserts you 
can design boss radii to a minimum, yet stay with standard boss 
configurations. This means savings in space and weight, and 
material-savings as well. e2 
MINIATURE FASTENERS 


Sizes #0 and #1 Steel, 
Stainless Steel, Brass. 


This feature is vitally important for miniaturization in aero- 
space design, in electrical and electronics equipment design, 
and for general industrial applications. 


NO OTHER TYPE OF INSERT OFFERS SUCH SAVINGS! 


Heli-Coil Screw-Thread Insert 

Permarently protects threads against wear, stripping, 7 * 
corrosion, galling, seizing, vibration and shock. Made of } i 

18-8 stainless steel wire, cold-formed into a diamond- Le 
shaped cross section, work-hardened to a tensile strength l © : 


of approximately 200,000 psi. Conforms to mil specs 

and all commercial and industrial thread forms. 

Heli-Coil Screw-Lock Insert ip. <M vas, S108 
Provides same protection as Screw-Thread Insert, ae Custom designed. Large 
PLUS an exclusive patented resilient internal locking a. Production facilities. 
feature that eliminates protruding lock nuts, lock wiring 
‘and other supplementary locking devices, thus saving HEADS = Fiat, Round, Oval, Fillister, Bieding, 
additional space and weight. Meets military specifica- —, ee. Magne — 


tions for locking torque and vibration. Fastener Units with Attached Shake- 
proof or split-type lock washers. 


The Heli-Coil line of products includes: inserts and related taps, tools METALS Brass, Steel, Stainless Steel, Monel, 


. 1 Silver, Aluminum, Sil 
and gages. Tables of boss radius and weight comparison are available. oe 


HELI-COIL CORPORATION ramen Soase, Chrome, Parkeriaing, lide, 


DANBURY, CONNECTICUT Blued. 


a SR 


HELI-COIL CORPORATION 609 Shelter Rock Lane, Danbury, Connecticut 
I'd like more information on Heli-Coil Screw-Thread Inserts [_] Screw-Lock Inserts [] HARVEY 





ng a ye poe aie HUBBELL 
FIRM ~ a | 


ADDRESS an 1 i, lete]- ile]; 7 -ue 48) 
CITY 0 ee @D 256s NA j Pray p 


In Canada: ARMSTRONG BEVERLEY ENGINEERING LTD. 
6975 Jeanne Mance St., Montreal 15, Que., Crescent 4-3538 
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catalogs and bulletins continued 
(G-86) Adhesive Selection — Brochure, 8 
pp. Discusses points to consider when 
choosing an adhesive. Rubber & Asbestos 
Corp, 225 Belleville Ave, Bloomfield, NJ. 


(G-87) Socket Screws—Catalog, 23 pp. 
Prices and dimensions listed for set, button 
head, shoulder screws and others. Safety 
Socket Screw Co, 6501 N Avondale Ave, 
Chicago 31. 


(G-88) Water Tight Bolts—Brochure, 4 
pp. Presents dimensions and physical prop- 
erties of bolt for use in wood. Screw & 
Bolt Corp of America, 211 Farmers Bank 
Bldg, Pittsburgh. 


(G-89) Hot Formed Nuts—Brochure, 4 
pp. Describes physical properties and ad- 
vantages of nut made by process utilizing 
induction heating and upsetting. Screw & 
Bolt Corp of America, 211 Farmers Bank 
Bhdg, Pittsburgh. 


(G-90) Lockwasher and Nut—Catalog, 8 
pp. Tables give sizes of combinations of 
several types of lockwashers attached to 
nuts. Shakeproof Div of Ill Tool Works, 
St Charles Rd, Elgin, Ill. 


(G-91) Thread-cutting Screws—Catalog, 
32 pp. Provides strengths, tightening 
torques, sizes and head shapes. Table 
matches screw to metal or plastic and 
gives hole size. Shakeproof Div of III 
Tool Works, St Charles Rd, Elgin, Il. 


(G-92) Lockwasher-screw Units—Catalog, 
36 pp. Sketches and tables show dimen- 
sions, head and washer styles of preas- 
sembled combinations. Shakeproof Div of 
Ill Tool Works, St Charles Rd, Elgin, 
Ill. 


(G-93) Lockwashers—Catalog, 32 pp. 
Types dimensioned include: dome, tab, 
sealing, cup, countersunk and 10 others. 
Shakeproof Div of Ill Tool Works, St 
Charles Rd, Elgin, Ill. 
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CAN IMPROVE YOUR 
PRODUCT... 


SIX GREAT 


MACLEAN-FOGG 


LOCK NUTS 


A free starter with lock at the top. 
Withstands severe vibrations. 
Cuts assembly time. 





The Lock’s in the center of nut. 
Can be applied from either end. 
Permits bolt end to be flush with, 
or below, top of nut. 


Has two-way center-of-nut lock. 
Used on furniture, appliances, 
toys, lawn mowers, tools, etc. 


MF OPEN END 
CAP NUT 


Combination lock nut and washer. 
Use on oversized holes; where 
extra bearing surface is needed. 


MF UNI-TORQUE 
FLANGE NUT 


This one spins on. Serrations take 
a firm grip on work. Break loose 
torque higher than seated torque. 


MF “WHIZ-LOCK”} 
FLANGE NUT ™@ 





You can have it with or without 
lock. Simplifies assemblies by 
means of self-locating pilot. 


MF PILOT TYPE 
WELD NUT 


(G-94) Screws and Bolts—Catalog, 58 pp. | 


Contains data on wood, machine, tapping, | 


drive and dowel screws; stove, carriage and 
hanger bolts; and continuous threaded 
studs. Southern Screw Co, Box 1360-PE, 
Statesville, NC. 


(G-95) Ratchet Wrenches—Brochure, 4 
pp. Lists sizes and special features of five 
series of square and hexagon head 
wrenches. They range from light to very 
heavy duty. Lowell Wrench Co, 97 Tem- 
ple St, Worcester, Mass. 


continued 
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FASTENERS THAT SOLVE 
SPECIAL PROBLEMS 





TENSILOCK® SCREWS AND NUTS PIGMENTED DELRIN® LOCK NUTS SPIN-LOCK SCREWS 


“Tensilock,” the high 
tension locking fastener, 
bites with hardened 
ratchet teeth . . . holds 
tight. High residual ten- 
sion, tooth grip, and 
spring action of flexible 
flange make required 
loosening torque as 
much as 40% more than 
tightening torque. ©T™M 


RBaW open-end acorn 
nuts of pigmented Del- 
rin feature excellent 
strength, rigidity, dimen- 
sional stability, low cost. 
reusability, corrosion re- 
sistance. Constant pre- 
vailing torque. Metallic 
gray and other colors. 
Two sizes: No. 10 devel- 
ops 500-600 Ibs. clamp- 
ing force; 14-inch devel- 
ops 600-700 Ibs. 


These RBaW screws offer 
in flat head and filister 
head design a locking 
action similar to that 
of RBaW’'s Tensilock’ 
screws. They have 
ratchet-like teeth that 
bite into the bearing sur 
face when tightened and 
resist loosening from vi- 
bration or temperature 
cycling. Reusable. Wide 
range of sizes. 


® Dupont Trade Mark 





POWDERED METAL PARTS STAKED LOCK NUTS 


A variety of small parts 
is presently being pro- 
duced by RBaW from 
powdered brass and 
stainless steel. Facilities 
can handle a wide variety 
of other small shapes, in- 
cluding nuts, gears, bush- 


WELDING 
FASTENERS 


RBaw standard welding 
screws have welding pro- 
jections on top or bot- 
tom of head. Sizes from 


ings, spacers, levers, 
cams, etc. Such sintered 
parts offer substantial 
production savings. Con- 
tact us with your re- 
quirements. 


Staked on opposite sides for positive No. 6 through % inch 
grip and spring tension locking effect Welding Nuts can also 
Available in regular double chamfered be supplied. 

style or acorn style (illustrated), in 

aluminum, steel, silicon bronze 











Cold heading creates quality parts the low cost way 


Merar FORCED to cold flow into shape results not only ELIMINATE EXTRA OPERATIONS. Leveling screw (A), for- 
in savings but also in stronger parts. With uncut flow merly made by riveting flat disc to set screw, now emerges 
lines, the piece is better able te withstand stress % 4 stronger, single piece from a cold header. 
concentrations. : ? ONE PIECE BETTER THAN TWO. Cold headed hose clamp 
No value analysis of product components is really screw (B) has integral flange which, after head is slotted, 
complete without exploring what cold heading machines js forced up to form screwdriver shield. Before, piece was 
can do. Some examples: in two parts ... with screw made on screw machine, and 
the shield a stamping fitted around head in extra assembly 
operation. 


FASTER THAN FORGING. Shifter lever (C) is bent into 
double “L” automatically in bolt header ... replacing 
2-stage forging operation. The header does it at high speed 
from continuous rod. 


METAL FLOWS TO SHAPE—NO WASTE. No longer cut on 
screw machine, insert screw (D) for plastic parts cost 40% 
less. Cold header uses just the amount of metal required. 
The threading and knurling, too, are done automatically 
at high speed. 


RUSSELL, BURDSALL & WARD BOLT AND NUT COMPANY 


Piants at: Port Chester, N.Y.; Coraopolis, Pa.; Rock Falls. Wl.; RB&W fasteners —Strong Point of any assembly 


Los Angeles, Calif. Additional sales offices at: Ardmore (Phila.) Pa.; 
Pittsburgh; Detroit; Chicago; Dallas; San Francisco. 


See our catalog in Sweets Product Design File 
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here can you use an ESNA Clinch nut? 








Why an ESNA Clinch nut? 


The reasons are simple: 


The ESNA clinch nut line includes sizes, shapes and ma- 
terials to fit any possible application. For example: 


1. A weight-saving nut with very small dimensions that can 
be mounted “flush” in sheets as thin as .030”. (See the 
new miniature clinch nut designs on Pages 12, 14 of De- 
sign Manual No. 5803). 


ee A part with non-magnetic characteristics . . . or with full 


self-locking reliability at temperatures as high as 900° F. 


pay ty pn mabe Paee pd. (Check ESNA’s A286 stainless steel miniatures on Page 


prototype assembly. provides highest 15). 
(Not recommended quelity installation 
for volume production). and reliability. A capped type of clinch nut that will keep screw threads 
free from potting compounds; or that can be used to pro- 
tect vital wiring from abrasion by protruding screw ends. 
(ESNA shows a full line of nylon or metal capped clinch 
nuts on Pages 10, 11, 13). 
ESNA Electronic Fastening Design Manual No. 6013 will 
give you complete details on the full line of ESNA Clinch 


nuts and special purpose designs for electrical assemblies 
Write to Department S39A-945 for your file copy today 


USE A HAND RIVETER USE AN ARBOR PRESS fe) r2, os 
—pressure applied or comparable light or U? t 
bya quedaet power press. 
“squeeze.” Type Type Type Type Type Type 
NC NCK NCFM LHCFM «=NKCFM NKC 
The ESNA line offers two locking devices: 


The famous red nylon locking collar for application at temperatures to 
250° F.; and the offset locking oval for applications up to 550° F. and 900° F, 


ELASTIC STOP NUT CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, New Jersey 











539-91 for your free copy today, 
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The unique GORBOND process 
developed by Goshen Rubber 
permits parts fabricated from 
natural, synthetic and silicone 
rubbers, to be bonded to metal, 
plastics and most anything . . . to 
meet customer satisfaction. Facili- 
ties are and modern, 
for efficiently handling large 
and small quantities. 


'@: 
oe 


osheen, 


On your very next bonding problem, 
call in in the specialist from Goshen. 


abbot 0, INC. 


GOSHEN, INDIANA 


378 CIRCLE 378 ON READER SERVICE CARD 





OHIO WELD SCREWS 





GW SCREWS—Used where de- 
sign requires a smooth un- 
marred surface and a fast- 
ener permanently fixed in 
place. 


HH SCREWS—Used where a 
single, button-type projection 
is required when welding to 
curved surfaces, to heavy 
sheet vs” or thicker, or to 





HW SCREWS—Used where a 
self-locking through bolt is 
required to be fixed securely 
in place so that it will not 
turn and flush surface is re- 
quired for attaching mating 
parts. 


ends of rods. 


RW SCREWS—Used where a 
hermetic seal is required to 
prevent leakage of air, gas, 
water, oil or dust, or when 
welding to perforated metal 
or wires. 





DW SCREWS—Used where a 
projection weld screw is re- 
quired and confined location 
necessitates a narrow head. 


SS SCREWS — Used where a 
screw with narrow head is 
required to be spot welded in 
place. 





PD SCREWS—Used where it is 
desirable to place a threaded 
section on the edge of a 
sheet. 





=r 


CS SCREWS — Used where a 
hermetic seal and a screw are 
needed on both sides of the 
sheet as on transformer can 
relay points. 








In addition to weld screws, Ohio stocks a com- 
plete line of weld nuts—12 different styles—for 
both projection and spot welding. Write for the 


complete Ohio catalog. 


Samples and information available upon request 


Primary Fastener in Fastener Assemblies 


THE OHIO NUT AND BOLT CO. 


41 FIRST STREET 


BEREA, OHIO 
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catalogs and bulletins... ..... .continued 


(G-96) Socket Screws—Catalog, 82 pp. 
Describes large variety of socket screws 
including locking types. Also dowel pins. 
Standard Pressed Steel Co, Jenkintown, 
Pa. 


(G-97) Cap Screws—Catalog, 24 pp 
Presents dimensions, physical properties 
for several types of cap screws plus set 
screws, taper pins, studs and nuts. Stand- 
ard Screw Co, 2701 Washington Blvd, 
Bellwood, Ill. 


(G-98) Socket Screw Products—Catalog, 
26 pp. Contains dimensions and physical 
properties. Includes hexagon keys, dowel 
pins. Standard Screw Co, 2701 Washing 
ton Blvd, Bellwood, I 


(G-99) Socket Head Cap Screws—Bro 
chure, 6 pp. Provides dimensions and 
makes comparison with company’s pr 
vious design with smaller head and socket 
Standard Screw Co, 2701 Washington 
Blvd, Beilwood, Il) 


(G-100) Hex Screws—Brochure 6 pp 
Provides tables for dimensions for hex 
screws, Carriage bolts, lag screws plus nuts 
Standard Screw Co, 2701 Washington 
Blvd, Be LW od, Ill 


(G-101) Quick-release Tiedowns—Brochure, 
4 pp. Tiedowns come with working load 
ratings of 500 to 5000 Ibs. A 40° turn 
releases. Monadnock Mills, 1977 First 
Ave, San Leandro, Cal 


(G-102) Stainless Steel Fasteners—Catalog, 
24 pp. Provides materials specifications, 
corrosive service ratings, dimensions of 
stainless steel and nylon fasteners, stain 
less pipe fittings, Star Stainless Screw Co, 
655 Union Blvd, Paterson 2, NJ 


(G-103) Screws and Washers—Catalog, 8 
pp. Tabulates dimensions, shows heads, 
threads and points. Includes regular and 
thread-cutting SCTeEWS; lock, spring, 
special washers; preassembled screw and 
washer combinations. Thompson-Bremer 
& Co, 228 N LaSalle St, Chicago 1 


(G-104) Fasteners—Bulletin, 18 pp. De- 
scribes applications of fasteners made of 
sheet metal including nut into which 
screw is snapped on installation. Tinner 
man Products, Inc, Box 6688, Cleveland 1. 


(G-105) Fasteners—Brochure, 12 pp. Out- 
lines facilities and selection of locknuts, 
lockbelts, rivets and others. Engineered 
Fasteners Div, Townsend Co, Box 7], 
Ellwood City, Pa. 


continued 
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for SPEED, 
ECONOM 
DEPENDAW#1! 


HUCK gives you MORE than “just a fastener”. Huck's foolproof 
installation tools, convenient power units and versatile fasteners give 
you uniformity and speed of installation beyond your fondest hopes, 
even with inexperienced operators. Savings of up to seventy per cent 
on installed cost have been obtained by many users of Huck fasteners. 


There is a HUCK fastener to meet your specific requirements whether 
they be high tensile or shear strength, blind application, thin sheets, 
wood-to-metal, broad bearing area, flush installation, high clinch, 
positive mechanical lock, elevated temperature, corrosion resistance 
or speed of application. A phone call can save you important production 
dollars. It costs you nothing to find out. 


We invite your inquiries. 


MANUFACTURING COMPANY 


2480 Bellevue Avenue + Detroit 7, Michigan - Phone WA 3-4500 
CIRCLE 379 ON READER SERVICE CARD 379 
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to specs. 3/8" - 4-1/4" cross flats 





speedy deliveries 
high quolity 
low prices 


yeors of 
experience 


large stock 


special 
machines of material 











» Here are a few samples made to customers 
_ Our batteries of special high-speed multi-spindle, 
make possible fast and accurate prodcten of 
patho lemciyprenigg ag Pot 
or 


“TY Pointer Standards, sizes: 4” to %4" ~brochre on ‘ 
~ NATIONAL ~ 
_ MACHINE 
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for fastening small assemblies 


Here’s your fast, dependable source for Miniature Headless 
Slotted Set Screws. #0 through #4 in a 
wide selection of materials, finishes, lengths and points. These 
miniature set screws are made to the same accuracy and high 
quality standards as regular size Moore Set Screws. 


Available in sizes 


Moore prices are right. Send for details. 


sy 802 °F 8 3 George W. Moore, Inc. 


since 1880 
SET SCREWS 92 Beaver St., Waltham 54, Mass. 
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de sign ” anual on 


materials and processes 
for REINFORCED PLASTIC 
MOLDED PARTS 


Combined 
PRODUCT ENGINEERING offers detailed design 


reprint of 11 articles published in 


data on the seven processes suitable for making 


glass-reinforced plastic parts in commercial 


volume. 
Advantages and limitations of each process are 


tabulated for precise comparison. Separate 


articles then take up each process in turn, dis- 


cussing choice ot materials, details of design, 


cost factors including tooling, and future develop- 


ments expected in these growing fields. 


Each article is reprinted in full with all original charts, 


tables and dato. 64 pages. $2.00 postage paid. Send 


order with remittance to 
Reader Service Dept. 
PRODUCT ENGINEERING 
330 W 42 St, New York 36 
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catalogs and bulletins continued 


(G-106) Titanium Fasteners—Brochure, 12 
pp. Compares titanium with steel for air 
craft fasteners. Standard Presssed Steel Co, 
Jenkintown, Pa. 


(G-107) Strap Wrenches—Brochure, 6 pp 
describes wrenches for turning diameters 
from one to 12 in. Special length straps 
are available. Lowell Wrench Co, 97 
I mple St, Worcester, Mass 


(G-108) Locknuts—Brochur pp. Shows 
a locknut that is designed to bite into 
metal and eliminate lockwashers. Lists 
some companies and products using them 
The Waterbury Pressed Metal Ce 

Chase Ave, Waterbury, Conn 


G-109) Bolt-rivet—Bulletin + | 

vides strength and fatigue data plus dimen 
ons of a fastener with controlled preload 
Also designed for light weight. Hi-Shear 
Rivet Tool Co, 2¢ W 247 St. T 

( 


(G-110) Snaps, Large Washers, Links— 
Brochure, 4 pp. List f ab tem 
plu wing nut hain Vivel Wil Trop 
clips and others all mad f malleabl 
iron. Moline i 


(G-111) Rivets—B 
a variety of 
chines. Includes 


ances. Chicago 


(G-112) Screws and Bolts—B 


Explain Id-heading p 


s to make standard and 


and bolt National Lock ( 


enth St, Rockford, | 


LIS¢ 


(G-113) Air Frame and Engine Fasteners 
I Describes titanium and 

super alloy precision fasteners, 

tom, some standard and som« 

Voi-Shan Mfg Co, 8463 Hi 


ver City, Cal 


(G-114) Blind Nut—Brochure, 4 pp. Ex 
plains use of nut that grips any material 
from zero to # in. thick and can also act 
as a rivet. Includes table of specification 


I 
Molly Corp, Reading, Pa 


(G-115) Industrial Fasteners—Catalog, 4 
pp. Describes a wide range of fasteners 
Furnishes engineering data and suggests 
uses. Simmons Fastener Corp, 1751 N 
Broadway, Albany 1, NY 


continued 
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ONE PIECE 


LOCKING INSERT 


§{LIMSERT :.. wRENCH IN and SWAGE OUT 
TOP to complete the simple installation of SLIM- 
SERT inserts after hole preparation with standard 
drill and tap. 


SLIMSERT . . IDENTIFICATION is easy BE- 
FORE and AFTER installation; The new Long Life 
360 internal thread locking SLIMSERT inserts have 
6 POINT wrenching recesses. Those without the 
internal thread locking feature have 4 POINT 
wrenching recesses. All SLIMSERT inserts have an 
external serrated area at the top which is swaged out 
ward into the parent material with a Rosan engi- 
neered swage tool. Locking meets and exceeds the 
requirements of MIL-N-25027 specification. SLIM - 
SERTS are made from ARMCO** 17-4PH Stainless 
Steel or Hi-Strength Aluminum Alloy. 


W rite for free 20 page descriptive book. 


<4 


POINT 


NO INTERNAL 
THREAD LOCK 


SLIM@SERT” 


> ROSAMN, INC.__ 


2801 West Coast Mighway : Newport Besaoh, California 


*A Trademark of Rosan Engineering Corp 
**,RMCO STEEL CORPORATION TRADEMARK 
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Figure be. 1 


ILLUSTRATION SHOWS 
ON EVERY how stronger Lok-Thred equip- 


ped fasteners grip firmly on the 
6° locking root. Vibration and 
CHANDLER work load improve the lock. 
Ideal for fastening in light 
metals. Many millions studs, in- 
CAP SCREW serts, rocker adjusting and set 
screws, connecting rod bolts and 
others have been in wide use 
IS YOUR for many years by such com- 
panies as: All big three auto- 
mobile manufacturers, largest 
GUARANTEE OF jet engines, outboard motors, 
earth moving tractors, carbu- 


QUALITY retors, pumps, etc. 


For further information write to 


1 i} 
| 


{ | | 
aes Fi 





UNIFORMITY AND LOCK THREAD CORPORATION 
2832 E. Grand Blvd. Detroit 11, Michigan 
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PRECISION! 


Do Your Copiers 
OF 
Product Engineering 
ARRIVE ON TIME 


If not, perhaps it is because there 
is an error in the address. Look 
at the address label now. 


This trademark — CP — is your assurance of engineered quality 
from start to finish... your guarantee of functional dependability 
... your security that every cap screw has successfully met rigor- 
ous performance tests. Chandler Products . . . manufacturers of 
standard and special fasteners for over 30 years .. . mass-produces 
cold-headed cap screws from high carbon, alloy, super-alloy and Spelling 
stainless steels. Check with Chandler before placing your next order. Street Number 
Street Name 
and in particular 
Zone Number 


Check for: 


Incorrect zoning or no zone num- 
: ber where one should be can 
Write today slow up delivery by hours or 


od pont Ay gal Pen te a | days. Check now and let us 
; know of any corrections. 


FASTENERS 


mC, . Product Engineering 
chandier 3 wy 330 West 42nd St. 


products New York 36, N. Y. 
$826-CH corporation § '497 Chardon Road + Cleveland 17, Ohio | 
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catalogs and bulletins continued 


(G-116) Special Fasteners—Catalog, 44 pp. 
Provides specifications, engineering draw 
ings, installation details and suggested uses 
for many kinds of fasteners. Simmons 
Fastener Corp, 1751 N Broadway, Al 
bany 1, NY. 


(G-117) Blind Rivets—Catalog, 44 pp 
Gives descriptions and standards for air- 
craft and commercial rivets in aluminum, 
monel, mild steel and A286 stainless 
steel. Cherry Rivet Div, ‘Townsend Co, 
Santa Ana, Cal. 


(G-118) Lockbolts—Catalog, 44 pp. Bolts 
of aluminum, mild steel, alloy steel and 
A286 stainless steel are for aircraft and 
commercial use. Includes bolt standards 
Cherry Rivet Div, Townsend Co, Santa 
Ana, Cal. 


(G-119) Fastener Advice—Brochure, 8 pp 
Discusses several examples of savings made 
in mass-production assembly by asking 
company’s advice. Shakeproof Div of III 
Tool Works, St Charles Rd, Elgin, Ill 


(G-120) Aluminum Chain—Brochure, 6 
pp. Lists sizes, weights and load limits 
of seamless, weldless chain. Load limits 
vary from 500 to 10,000 Ibs. Bison Alu 
minum Chain Co, Inc, 241 Hertel Ave 
Buffalo 7, NY. 


(G-121) Fasteners—Data folder, 5 pp 
Contains data on materials, dimensions, 
and finishes of flat spring fasteners, screw 
machine products, retaining rings, nuts 
and hairpin spring fasteners Stanley 
Humason, Inc, subs of The Stanley Works, 
Forestville, Conn 


(G-122) Clamps—Catalog, 70 pp. Engi 
neering drawings plus tables give dimen 
sions and materials. Clamps are for sup- 
porting electrical, electronic, hydraulic and 
pneumatic lines. TA Mfg Co, 4607 Alger 
St, Los Angeles. 


(G-123) Quick-release Pins—Bulletin, 6 
pp. Pins lock positively yet releasé 
quickly even when bound. Diameters ar 
Ys to 1 in. Avdel, Inc, 210 S Victory 
Blvd, Burbank, Cal. 


(G-124) Riveter and Rivets—Brochure, 4 
pp. Describes pneumatic riveting guns, 
automatic hand riveter and hand riveters 
for use where access is difficult. Riveters 
perform blind or open riveting. Avdel, 
Inc, 210 S Victory Blvd, Burbank, Cal 


continued 
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FASTENING AND JOINING ra 


3 Ways to 
Slash 
Fastening Costs 


PALNUT 


LOCK NUTS 
and 


FASTENERS 


1. Save on First Cost 


PALNUT Lock Nuts and Fasteners 
are precision-produced in enormous 
volume at exceptionally low cost. 
They are priced lower than other 
locking methods, often less than 


plain nuts. 
PALNUT LOCK NUTS 


for threaded members 


2. Save on Assembly Cost Spring tempered sea ick 
rt double locking 


PALNUT Lock Nuts and Fasteners — 4, to ye parts tight. 
apply easily and fast with o 


tools. Assembly is greatly simplified 
and speeded-up by using PALNUT 


magnetized sockets and applicators 
which permit picking up, startin 
and tightening in one high-s; _ 


operation. 





3. Save auxiliary parts sales ~~ ho 


and operations ey on A as 


coms bly. Strong spring grip 
A single PALNUT Lock Nut or a 
Fastener replaces two, three, even 
four fastening parts according to 


application. You can eliminate lock- 
washers, flat washers, sealer washers i 
and cotter pins. You can save the . aS 


extra cost of threading, drilling or 

grooving other fastening members. PALNUT SELF-THREADING NUTS 
Assemblers handle a single PALNUT Make their own threads while tightening on 
—reducing parts to buy, stock and leable material, Save. cost of threading — 
assemble. apply fast —hoid tight. 





Write for latest catalog and free samples, stating type, size and application. 


Also consult Sweet's Design File. 


THE PALNUT COMPANY 


Pp © DIVISION OF UNITED-CARR FASTENER CORPORATION 
y.\ L yy Wi 65A Glen Road, Mountainside, N. J. 


Canoda: P. L. Robertson Mfg. Co., Lid., Milton, Ont. 


LOCK NUTS and FASTENERS 
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FASTENING AND JOINING 


brazi 


washers 
and Shims 


The 
three hands to put the components 


operctor no longer needs 


together 


Applications on which one tube 
PEF 


is radiused or soddied to fit over 


another are sometimes difficult to 


with a washer or shin 


of the 


pref rr 


The stiffness washer may 


t i the radiused member away 


from the other tubes. By curv 
the washer to the curvature 
tube, the problem is minimized 


Curving 
£ the shim onto the tube 


2 shim permit 


Write for FREE 
20 page"PREFORM 
BRAZING HAND 
BOOK” 


LUCAS-MILHAUPT Exngnecing Ce. 


5051 South Lake Drive, Cudahy, Wisconsin 
CIRCLE 663 ON READER SERVICE CARD 


o —? 


re 


~*~ 
SS 


Job-Designed Fasteners for Every Industry 


Here is a fast, dependable, 

low cost, quality minded 

lL source of supply for JOB 
varrin OESIGNED fasteners of all 
types, in any metal, to fit your 

own assembly problem. Assembly costs 
are a very major part of manufacturing 
expense. Most of this is labor. The fast 
ening medium itself is usually a mini 
mum item. If a Job-Designed fastener 
makes assembly simpler and faster, 
permits the use of fewer fasteners, 
allows the designer functional freedom 
and improves product efficiency, yours 
is a specifying job well done. All these 


384 


possibilities are available when you come 
to Hassall for design assistance and 
quotation on challenging, difficult or un 
usual rivets, threaded nails, drive screws 
and other cold headed parts. Short or 
long runs, pilot quantities, engineering 
counsel, over 100 years of intimate as 
sociation with cold heading—and a deep 
appreciation for the concept of value 
analysis — all are part of the Hassall 
service to you 


Send for a copy of our latest catalog 


JOHN HASSALL, INC. 


MANUFACTURERS SINCE tase 


P.O. BOX 2233 AND_N_Y 


e WESTBURY. LON 
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catalogs and bulletins continued 
(G-125) Bolts—Brochure, 4 pp. Outlines 


tion tandard, special and aircraft 
Lists special ti 
Chandler P1 


id, Cleve 


miques company 
oducts Corp, 14¢ 


land 


Hot 


Bull 


materials 


Pressed Nuts 
dimensions, 

uare and hexagon 
in. diameter 
125 St Clair 


G-127) Chains—] 
ights 


irbon 


and 
ind all \ 
nt Columbu 


Tonawanda, NY 


Self-locking Screws and Bolts— 


pp lable gives sizes and 
nylon 


Mt 


with a 
Co, 452 
Mass 


fasteners 
2] SCTeW 
B df rd 


Brochur 4 


G-129) Self-locking Screws 
rews that have 


| ) 


gripping 


nder head Head types are hex, 


4 in. diameter and 
Bolt Corp of America 
Pittsburg] 


k Bldg n 


Aircraft Fastener—Bulleti: 


1 modified cruciforn 


(G-130 
Ix n 


» v 4 


torquing withot 


Self-sealing Panel Fastener—B: 
Nylon ring under head of 

10 ul Gives full di 

parts. Monadnock Mill 


San Leandro, Cal 


(G-133) Wire Harness Bands—Catalog, 1( 
Aircraft quality are spong 
ey attach to support by clips, 
ring stud Monadnock Mill 
San Leandro, Cal 


bands 


(G-134) Quick-locking Panel Fastener— 
Catalog Quarter turn lock 

bl pla Some types sea 
Monadnock 


indro, Cal 


remo 


and moisture 


First Ave, San Le 
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MOTOR, ENGINES 
AND CONTROLS 


Design Abstracts 
Flexible Engine-suspensions 
How to Control Speed of Fhp Motors 


Correcting Motor Power-factor 


by G. R. Brooks 


Operating Principles of 13 Timing Devices 
by John C. Ponstingl 


5 Clutches for Servomechanisms 


by Kenneth W. Kohlmeyer 


Dynamic Response of Remote Pressure Pickups 


by Robert J. Reid and Edward M. Kops 
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DIESEL ENGINE NOISE 


Ihe effect of speed, load and si: 
evaluated on 
The f 


Noise have D 


on noise has been 
limited range of engines. 
lowing sources of 
identified and means of reducing them 
adequately 


Air intake: 


injection equipment already quietened 


established in princi 
valve and timing cove! 
injection equipment, normal valve and 


timing covers; imyection equipment, 


“dead” valve and timing covers 
Narrow band frequency analysis 
been shown to be a convenient cri 
of the form 


cvlinder pressure and in con 


terion of the “‘noisiness”’ 
of the 
junction with noise measurement 
makes it possible to evaluate separatel 
the noisiness of the engine structut 
In the small diesel engines tested in 
this respect, it should be possible to 
quieten some by smoothing — th 
cvlinder-pressure-ris¢ 

Observed 


engine 


levels of vibration 


surfaces are shown to agre¢ 


roughly with values calculated from 
the measured noise and assumed sizes 


\ hypothes 


is advanced which accounts for th 


of the radiating parts. 


vibration owing to the measured cvlin 
der pressure in the important fr 
from 800 cycles per 


qency range 


sec upwards 
Origins of Diesel Engine Noise,” by A. E. W 
Austen and T. Priede, C. A. V. Limited, SAE 


Paper No. 125T, 485 Lexington Ave, New York 
17, N.Y 


* 


Rocket-motor Gear Analysis 


rocket-moto1 


turbine-pump reduction gear s\ 


In this paper a 


regard t Her 
t 


is analyzed with 


gear-tooth contact stresses and ti 


of contact It is 


Hertzian 


found that 


contact stresses ary fi 


approximately 100,000 to 200,000 
Contact times vary from 3 to 8 mi 
sec. Some observations regarding 
correlation between contact times and 
It is indicated 
tablish 


gear failures are mad 
that it may be po 
+ 


design limitations o1 nta 
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times to insure satisfactory gear opera- 
tion. Sample calculations for evalu 
iting each of the tvpical quantities 


found in the tables are included 
Rocket Motor-Gear Tooth Analysis . Hert 
zian Contact Stresses and Times,” Ernest K 


Gatcombe and Roy W. Prowell, ASME Paper 
No. 59-A-256, 29 W 39 St, New York 18, N. Y 


Better Spark Plugs 


The satisfactory 
2-stroke 
thwarted by short spark-plug life and 


performance of 


portable engines is being 


runaway preignition, which accom 
panies the high specific output and 
ww weight of these engines. Failures 


involve manv things—cold fouling 
lead fouling, bridging, missing, and 


refusal to start a cold engine 


Wanted—Better Spark Plugs for Portable 2 
Stroke Engines,” Lowell E. Haas, McCulloch 
Corp. SAE Journal, March 1960, 485 Lexington 
Ave, New York 17, N. Y 


* 


Spark Plug Misfiring 


Studies of spark plug misfiring du 
to lead fouling have shown that its 
severity can be decreased by convert 
ing the accumulating deposits to com 
higher electrical r 


pounds having 


sistance. One wav this change can be 
iccomplished is by adding a phos 


phorus compound to the deposit 


iccumulation fuel. 
Spark Plug Misfiring Can be Decreased,” 
H. P. Julien and R. G. Neblett, Esso Research 


and Engineering Co. SAE Journal, March 1960 
485 Lexington Ave, New York 17, N. Y 


* 


Materials for 1O0O00F Motors 
The 10001 


functional at this 


motor must not only 
remain higher 
temperature but must ilso have a high 
degree of reliability at many different 
mditions of humiditv, temperatur 
ibration, shock, 


Experience shows 


ind rad 


that a 


DESIGN ABSTRACTS 


--< 


} 


list of suitable materials shrinks. In- 
sulations that might be used are re- 
fractory materials, brittle with low ex- 
high moisture 
absorption, and _ low 


pansion coefficients, 
elongation 
Until someone formulates a mica or 
ceramic elastomer, 1000F insulation is 
bound to be thick and have a low 


effective dielectric breakdown chat 


icteristic This paper presents some 
ideas on the electrical design which 
mav lead to weight savings and im 


proved reliability. 


The Effect of Properties of M>terials for 1000F 
Motors on Design Voltage for Optimum Specific 
Output,” E. A. Linke, Airborne Accesscries 
Corp. Presented at the S4E Nations! Aero 
nautic Meeting, Les Angeles, Calif October 5-9 
1959, Paper No. 112T. Society cf Automotive 
Engineers, Inc, 485 Lexington Avenue, New 
York 17, New York 


* 


Air-supported Vehicles 


This paper analyzes the basic prin 
ciples involved in the operation of all 
air-supported vehicles proposed to dat 
ind classifies them into a minimum 
number of categories from which all 
other possible configurations can bi 
evolved by a proper combination of 
the basic 
of these 
ing annular jet; 


types Six configuration 


vehicles are: Non-recirculat 
recirculating laby 
rinth seal; diffuser; plenum chambet 
ind levapad 

lhe basic principles involved in th 
operation of all six configurations 
discussed in detail 
have been tabulated that compare t 


Seven criteria 
h 


} 


six basic configurations with each 


ther 


‘Basic Principles of Ground Cushion Devices 

Gabriel D. Boehler, Aerophysics Co., Washing 
ton 6, D. C. Paper presented at the SAE Annual 
Meeting, Detroit, Michigan, January 11-15 
1960, Paper No. 133A. Society of Automotive 
Engineers, 485 Lexington Avenue, New York 
17, New York. 


* 


Transmission Seals 


In present-day oil seal 


progress in mechanical shaps 
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seals, when coupled with new syn 
thetic elastomers, has been a large fac 
tor in improving performance. For 
example, a manufacturer can design 
one seal of Buna-N rubber normally 
good for 250F and another of poly- 
icrylic normally good for 300F and 
the Buna-N seal will out-perform the 
polyacrylic in temperature resistance 
and life. ‘The better performing seal 
is a result of three basic design con 
cepts, all contributing to low torque 
ind less drag: Sealing-head design re 
sulting in a narrow shaft contact di- 
rectly under ‘the garter spring; th« 
rubber head “bonded” to a metal part 
to eliminate deformation from in- 
ternal seal assembly pressure or press- 
fit upset; the rubber mixture com- 
pounded specifically as a shaft seal 
material without deviation required to 
allow use of non-bonded and less ex- 
pensive mechanical designs. 


‘Transmission Oil Seals,” G. L. Corsi, Heovy 
Industry, Notion Seal Div, Federal-Mogul-Bower 
Bearing, Ind. Paper presented at the SAE Na- 
tional Transportation Meeting, Chicago, Illinois, 
October 26-28, 1959, Paper No. 119U. Society 
of Automotive Engineers, 485 Lexington Avenue, 
New York 17, New York. 


* 


Rocket-engine Materials 


An analysis of material applications 
in high-temperature environment in 
rocket engines is made. The prob- 
lems are examined from the point of 
view of the designer, the manufac- 
turer, and the quality control engi- 
neer. Stringent requirements can be 
met with relatively common materials 
by good design and careful manufac- 
turing techniques. 

‘Application of Materials to High-temperature 
Service in Rocket Engines,” R. P. Fromberg, 
Rocketdyne Div, North American Aviation Inc 


SAE Paper No. 98V, 485 Lexington Ave, New 
York 17 


Wheel Seals 


There could be no sealing without 
both the seal and the shaft, and, there- 


MOTOR, ENGINES AND CONTROLS 


fore, both the shaft and the seal must 
be included in any comprehensive 
description of an oil seal. This 
thought is further enhanced when 
consideration 1S given to the influ- 
ence of the shaft design on the per- 
formance of an oil seal. 
shaft finish, shaft hardness, and the 
material of which the shaft is made 


For example, 


all have important bearing on the 
successful performance of an oil seal 
lhe oil seal and the shaft must be 
compatible and the oil seal must be 
properly installed on the shaft. The 
shaft must be free of scratches, grind 
leads and other defects; the shaft 
periphery must be a perfect circle 
and the shaft dia must be accurately 
maintained. The geometry of the 
shaft must be such that oil is per- 
mitted to reach the oil seal lip. 
Another consideration is the ability 
of the shaft to conduct heat away 
from the seal lip. 


"Some Recent Developments in Truck Wheel 
Seals,” R. A. Hudson, Chicago Rawhide Manu 
facturing Co. Paper presented af the SAE No- 
tional Transportation Meeting, Chicago, Illinois, 
October 26-28, 1959, Paper No. 119V. Society 
of Automotive Engineers, 4085 Lexington Ave, 
New York 17, New York. 


* 


Synchronous Motor 
Torques Defined 


Six commonly used terms for types 
of torque (rated load, locked rotor, 
accelerating, pull-in, reluctance, pull- 
out) are defined and each is discussed. 
Effects of various factors on torque 
are illustrated with curves. 
“Synchronous Motor Torques Defined,” R. C. 


Morse, Allis-Chalmers Electrical Review, 3rd 
Quarter, 1959, Milwaukee 1, Wis. 


Unbalanced Voltage and 
Motor Performance 
A balanced voltage supply is pre- 


sumed for normal motor character- 
istics found in association standards 
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and commercial publications. Un- 


balanced-voltage operation of poly- 
phase induction motors can produce 
Speed drops 


slightly for a given load near full load; 


these adverse effects: 


efficiency decreases due to additional 


motor losses; heating is increased by 
idditional losses—losses are greater for 
motors having skin-effect rotor bars; 
winding heats unequally because of 
unequal copper losses in the several 
unbalance in 


phase line-current 


reases much faster than voltage un 


bal ince; 


mav be ineffective; 


| 


develop or increas¢ 


normal protective devices 
noise and vibra- 


tion ma\ 
What Is Effect of Unbalanced Voltage On 
Motor Performance?” R. C. Moore, Allis-Chal- 


mers Mfg Co. Power, September 1959, 330 
West 42nd Street, New York 36, New York. 


* 


Match the Motor to the Job 


The traditional 
problem of selecting electric motors 
has been to list all the possible types 
standard and 


ipproach to the 


including 
The equipment engi 


of motors, 
special motors 
neer or purchaser is then expected to 
select the type and rating best suited 
to the application. 

Here, a starting point is the types 
of applications rather than the types 
of motors Approximately 80% to 
90% of all motor applications can be 
served by the standard lines of motors, 
the polyphase and single-phase motors 
which are normally listed in motor 
manufacturers’ catalogs and stocked 
by them. The remaining applications 
involve special motors which cannot 
be selected readily from a catalog. 
For these applications the motor man- 
ufacturer should be requested to make 
1 study of the mechanical and elec- 
trical requirements and advise on the 
For specific 
application, 


most suitable motors 


information on motor 


manufacturers are always ready to 


work with the designer. 
“Match the Motor to the Job,” Bruce F. New- 


man, Sangamo Co. Design Engineering, January 
1960, 481 University Ave, Toronto 2, Canada 
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ENGINE VIBRATIONS ... with 
internal combustion engine fall into two 
classifications: Vibration transmitted 
on or support structure by en 
whole, and torsional oscillations 


and oft or 


teh 
ONGHEGIITE 


crankshaft Moving part and 


a a ons n ga pre 


e are 
I 1 


rs. 


FLEXIBLE ENGINE-SUSPENSIONS 


Out-of-balance forces in engines, why they should be con- 
trolled and how flexible engine-suspensions can solve the 
problem. 


TABLE I|—Vibration Modes 


Type of Crank Inertia Forces n i 

Engine Arrangement ombustion engine are: Unbal 
cr een nae Ie ince of inertia forces of crankshaft 
rods and pistons on engine block re 
sulting in periodic forces and mo 
ments; torque reaction due to inertia 
or cylinder-pressure effects acting on 
stationary parts about a longitudinal 
aXI1S,. 

Effects of these forces vary with the 
number of cylinders. A one-cylinder 
engine, for example, has unbalance in 
all directions in a lateral plane. A six- 
cylinder engine, which has all its 
primary and secondary forces and mo 
ments balanced, is relatively smooth. 

Table I shows the modes of vibra 
tion for several types of engines. Only 
those disturbances caused by rotating 


and reciprocating parts are consi lered 
FLEXIBLE MOUNTING 


[he main objectives in flexibly 
mounting an internal combustion en 
gine are t 

1—Prevent fatigue failure or faulty 
operation of auxiliary equipment such 


is radiator cores, relays, instruments, 


Reduce noise caused by 
borne engine vibrations 
Prevent human discomfort 


gue caused by transmitted engine 
ibrations 

Another reason for using flexible 
ngine suspensions is to reduce residual 
stresses caused by solid mounting 
[he suspension also accommodates 


hassis or frame twist without impos 


[ 
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TABLE Il—Elastomeric Mountings Used in Typical Engine Suspensions 


Type of Mount Characteristics 








Compression Type 
Supported 


member 


Rubber in compression provides high shock absorption capacity, exceptional stability, rebound pro- 
tection, with flexibility to isolate vibration and noise. One-piece construction with flexing element 
bonded to metal inner member. Standard load ratings from 60 to 900 Ib per mounting 


member ~Snubbing | 
' 
A wosher 


Shear Type 


vupp rled 


member agli a Same construction as compression-type, but with tapered head to provide softer axial spring rate 


and allow greater amplitudes. Standard load ratings from 60 to 200 Ib per mounting. 


Excellent design to isolate steady-state vibration plus occasional shock. Flexing element bonded 
between metal outer plate and metal inner member. Standard load ratings from 2 to 310 Ib 
per mounting. 





Tube Form 
Supported 
member Axial softness and radial stiffness are achieved by bonding rubber in shear between two concentric 
‘ metal tubular members, Result is excellent vibration isolation in axial direction with high lateral 
stability. Standard load ratings from 2 to 1500 Ib per mounting. 


Sandwich construction may be loaded in compression to provide high vertical stability and shock 
protection. Soft radial-spring rate assures good isolation ot ateral and torsional disturbances 
Standard load ratings from 10 to 2000Ib per mounting. 


ing high stresses on the eng blo« mits this ideal arrangement l'ront motion of th« 
ind mounting brach hing points, for example, are usu The suspensi 
illy near or below the crankshaft cen incorporated 
APPLICATION ; : 
terline. Transmission weight at th« with maximum 

Torsional impulses within an u rear causes the principal axis to pass zine performance 
ternal combustion engine will cat in the vicinity of the crankshaft and 


: . ’ WHAT ARE THE 
rotation about the principal longitudi mounting point Front mountings 


} 


nal axis. This axis is inclined upward should be located higher than reat Flexible mounting 


from rear to front at an angle of 10 mountings in order to be opposit greatest _ potential 


to 15°, passing through the center of the principal axis. However, front smooth, quiet, long-l 
gravity. For a decoupled system, then mountings are often located in the tions for which moder 
the ideal location for elastomeric lower position in truck-engine installa ing. Improved oper 


mountings is laterally opposite th tion duced stresses in engi 


prin ipal axis Suspension system application ap omponents, and prote 


i 


[his arrangement will eliminate proaches the ideal more closely when tive equipment 
forces that result when a rotating unit need for vibration/shock/noise con idvantages 
is not supported at its principal axi trol is pinpointed early in design. At 


It can provide center-of-gravity sup this time, design alterations can b« REFERENCI 


port in all planes, assuring a com made with minimum expense, stand Flexible Engine S 


pletely decoupled system ard parts can be used, space for th 
Current engine design seldom pet mounting system can be provided and 
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From: Company Bulletin 


HOW TO CONTROL SPEED 
of FHP MOTORS 


9 examples of how resistances, capacitors, and electrical gov- 


ernors are best arranged for control of series, shunt and 


capacitor motors. 


F or some types of motors, such as standard, synchronous, 
or induction motors, it is impractical to obtain speed con- 
trol. In fact, it is their fixed or steady speed under varying 
loads that makes synchronous and induction motors so 
ideal for many applications. The speed of such motors 
can be controlled by changing the frequency of the 
applied current; this method, however, is not commonly 
used for fractional horsepower motors. 





, Armatur 
Field winding -~ 


Voriable 
resistance 


Voriable resistonce 


Fixed resistonce 


Variable resistonce 

















1—SERIES MOTORS 


390 


There are two general types of speed control: Stepless 
Control with all possible intermediate speeds over a re- 
quired range; and step-by-step control, which limits con- 
trol to two or more definite speeds. 


SERIES MOTORS 


The simplest method of controlling the speed of a 
series motor is to connect an adjustable resistor in series 
with the motor, Fig. 1A. The speed for a given load de- 
creases as the control resistance is increased. If enough 
resistance is added, the motor can be decreased to a stand- 
still, but a reduction in speed of 50% is usually con- 
sidered the practical limit. In all cases, the speed is highly 
sensitive to load changes. The slightest increase or de- 
crease in load causes a change in motor speed. This is a 
characteristic of all series motors, and nothing can be done 
to prevent it except to use governor control, discussed 
later. ‘There are many applications, however, in which 
load conditions are quite uniform at all speeds, and for 
such applications, the series motor is very satisfactory. 

A series motor can also be controlled, Fig. 1B, by 
shunting an adjustable resistor across the armature. Al- 
though the control range is somewhat less, the speed is 
likely to be more stable, and the starting torque is better 
because of the stronger field. 

Another way to get series motor speed control over a 
wide range, and still retain reasonable stability at low 
speeds is to connect a fixed resistor in series with the 
armature and use a variable resistor across the armature, 
Fig. IC. 

This combination, however, requires an actual test 
with the proper load to determine the necessary re- 
sistance values and wattage ratings of the resistors. If 
this is not done carefully, the resistors or the field coils 
may be damaged. Such testing is also needed to assure 
maximum speed stability. 


SHUNT MOTORS 


It is common practice to regulate the speed of shunt 
motors by inserting resistance in the shunt field circuit, 
Fig. 2A. This weakens the magnetic field which, in turn, 
speeds up the motor. Such field control provides stable 
motor speeds at light loads provided the magnetic field 
is not appreciably weakened. To reduce the speed of a 
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SHUNT MOTORS 


shunt motor, resist ist be added to the armature 
ircuit, Fig. 2B 

Another way to reduce the speed of a shunt motor is 
to shunt an adjustable resistor (potentiometer or voltag: 
divider) across the line ig. 2C, with one armature lead 
connected to the n ble « ctor of the resistor. ‘The 
movement of th ontactor lowers the voltage applied 

the armature $y this method, the speed can be 
brought down fairly low without sacrificing good starting 
performance Chis method, however, dissipates energ\ 
continuously in the adjustable resistor and therefore is 
suited only for small motors and comparatively light loads 

When speed regulation of shunt motor is required over 
a wide range, adjustable resistors must be used in both 
the shunt field and armature circuits, Fig. 2D. Weaken 
ing the shut field reduces motor starting torque and dis 
turbs speed stability When resistance is used in the 
immature circuit, starting torque and speed stability are 
affected in direct proportion to the added resistance. 


GOVERNOR-CONTROLLED MOTORS 


For certain fractional horsepower motor applications, 
usually on series motors but occasionally shunt motors, 
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TOHHTOOT 4 





3—GOVERNOR-CONTROLLED MOTOR 





4—CAPACITOR MOTOR 


lectric governors, Fig. 3, 
ontrol problems. The el 
operated witch which automatically reduces the current 
through the motor when it runs faster th peed for 
which the governor is set by inserting a resis e in series 
with the motor. Full line voltage 
speed falls below the setting 
S governors (adjustable during star 
mended where utmost accurac\ 
desired. If a narrow speed range 
adjusted speed can often be held within 
R governors (adjustable during running 
control with speed stability under widel 
Both types require a small capacitor 


contacts to minimize sparking 


CAPACITOR MOTORS 


Che speed of capicitor motors 
be controlled by inserting resis 
circuit, Fig. 4 

Shaded pole and split-phase motors with 
rotors can be operated with some reduct 


inserting resistance in the stator circuit 


REFERENCI 
Speed Control 
by Bodine E] 
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From: Allis-Chalmers Electrical Review 


Correcting 
Motor Power-factor 


Easy-to-make chart provides quick answers to 


power-factor correction problems for any induc- 


tion motor. 


G. R. BROOKS 
Allis-Chalmers Mfg. Co. 
Motor-Generator Dept. 


‘Two important power-factor questions can be solved with 
a compass, straightedge and graph paper: How much 
capacitance is needed to correct the power factor of an 
induction motor? What power factor will be obtained 
with a given capacitor and motor? 

Use of the chart requires only motor name-plate and 
no-load current data. ‘The no-load current can be meas 
ured or obtained from the motor manufacturer. 

It is assumed that the amount of capacitance used will 
in no case exceed the no-load motor kva and that the 
motor does not overspeed when disconnected. If more 
capacitance is desired or if overspeed should occur, a 
closer study should be made since it may be necessary to 
select a capacitor location other than on the motor side of 
the motor starter. 

Draw the quadrant as shown in Fig. 1, then place a dot 
on the quadrant at its intersection with each horizontal 
unit line. Draw radial lines from the center of the quad- 
rant to each of these dots and add power-factor values to 
the chart as shown. The ] divisions are indicated in 
like manner. 

Capacitor size is in percent of rated motor kva as meas- 
ured horizontally from full-load power-factor on the quad- 
rant to radial line of power factor as corrected. 


Example 


Given a 1000-hp, 2300-volt, 346 amp, 3-phase, 60-cycle, 
squirrel-cage induction motor with full-load power-factor 
at 60% and no-load current of 190 amps, how much 
external capacitance is required to raise power factor to 
90%? Let E = phase volts, I = phase amps, m = phases. 


EXIXm 2300 


1000 «=s(¥ 3 
_2300 | 3463 
¥3s ~~ 1000 


No-load kva = 


Full-load kva = = 1380 kva 


From the chart in Fig. 2, 51% of full-load kva or 0.51 x 
1380 = 704 kva of capacitance is required to correct from 


60% to 90% power factor. 
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10 Units radius 





LA 





i—CAPACITOR SIZE obtained from the chart, as shown by 
line A, is in percent of rated motor kva and is measured from 
power-factor point to radial line of higher power facto: 
desired 


Horizontal scale 


Rated kvo 2 V3 x roted line-to-line volts x rated amps 
percent of rated kvo 


1000 
Example: 1000-HP, 2300-volts, 346-amp, 
3-phase motor has full -iood power 
foctor of 60% to be corrected to 90% 
Chart shows this requires 5!% of rated kvo or 
OSt x/3 x 2300 x 346/1000 = 703 kva 
What pf would 500 kvo give ? 
50011000 ‘ 
ty 7x 2300 x 346 = 36.2 %kvo 
o> " 
Chart gives 80 8% 
A> —_No-oad kvo should not 
be exceeded unless 
a0 capacitors are to 
remain connected 














2—ENLARGED PORTION of chart may be used for most 


power-factor correction problems to obtain greater accuracy 


The 704-kva capacitance does not exceed the 757 kva at 
no load and can, therefore, be located across the motor 
terminals with safety if the motor coasts rather than over 
speeds when removed from the line. 

What power factor will be obtained if a 500-kva capac 
itor is used instead of the 704-kva rating. 

Percent of rated kva = 500/1380 x 100 = 36.2%. 

When 36.2% is laid off horizontally from the 60% PF 
full-load point, 80.8% power factor is obtained. 

Once constructed, the chart will apply for any induction 
motor. 


REFERENCE 

How To Simplify Motor Power-factor Correction by G. R 
Brooks, Motor-Generator Dept, Allis-Chalmers Mfg. Co, Mil 
waukee, Wisconsin. Published in Allis-Chalmers Electrical Re 
view, 3rd Quarter, 1959, p. 27. 
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OPERATING PRINCIPLES 
of 13 TIMING DEVICES 


Since most control systems depend on time intervals for 
operation, the timing device is an essential building block in 


industrial controls. 


JOHN C. PONSTINGL 

Engineering Supervisor 

Consulting and Application Engineering 
Westinghouse Electric Corporation 
Cleveland, Ohio 





F iming devices serve as delays, sé 


quencers, and programmers in many 


Timing 
Principle 
home electrical appliances and in all 





phases of automatic and complex in- 
Application Storing energy : Movement of 
of force pin, lever, or latch 


] y 
Motor magnet Kenatee of Electricot When correctly applied, timing 


| or port contacts equipment helps achieve safe and con- 


lustrial and business control systems 


Dutput voltage istent operating conditions, better 


JuTput vo 

or signal products, and lower process Or produc 

tion costs 

Io select the best timing device, 
Adjustments here Adjustments here 

usually provide usudlly are mar 
largest time range or made on the ind the basic characteristics of all 
device - of o 

mechonica 


the requirements of the application 


types of timers must be known. Often, 





failures occur or results are inadequate 

1—BASIC DIVISIONS of operations that sre necessary in timing device because all application factors were 
not established, or limitations of the 
timing device were not known 


Fractions : heave 
4 econds Minutes Hours Days WHAT IS A TIMER? 
of Seconds seco 7 
A timer is a device that produces 

in output after receiving an input 


he 


inductive signal; the time interval between t 
input and output, of course, can be 

Linduttion Disc | controlled. Three ingredients are es 
PSE OTT Me sential to a timer: a timing method, 
Ct Beeumatic in input to start or sustain the tim- 
0 "ae ing period, and an output, Fig. 1. A 

ft se Theringl ad manual input signal, for example, 
SE emme could be the setting of a stove timer 

dial. An electric input signal could be 

EER OSES TS 5 A used to energize or de-energize an 


electromagnet, motor, or circuit of a 


2—TIME RANGES for various timing principles. Always evaluate basic needs— timing device. At the end of the time 
a suction cup is as much a timer as an overload relay. 5 
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TABLE | — MATERIAL 
aiid 
| 


interval, a mechanical device moves 


or electrical contacts make or break 


to produce an output 


BASIC GROUPS 


can be 
Material 


transfer, and electrical 


limer operating principles 


into three 


heat 


divided groups 
transfer, 
transfer 

Ihe material transfer principle is 
merely the age-old hour-glass concept, 
where a metered quantity of material 
is transferred from one location to an 
manner. Pneu 


other in a restricted 


matic, mercury, dashpot,* and moto 


timers all fit in this category. For in 
gear train of a motor timer 
X number of 


gear tecth must be moved in a certain 


stance, th 


is a metered quantity 


time period 
In the heat transfer system, heat 
transferred from an electrical heater t« 


1 metallic element. As heat is ab 


sorbed, the metal stretches, bends 


in bimetal, or melts as in a solder 


yot relay, closing ot in elec 


rical ¢ ct Thermal timers fre 


opening 
' 


quently are used on automobile-turn 


ignals as well as in motor-protective 
Various methods are used ti 
heat to the 


Often, the heat is gen 


devices 
transfer “heat motor’ ot 
metal element 
rated within the metal element, as in 
This mini 


the case of flasher timers. 


mizes the effect of ambient tempera 
tures 
electrical transfer 


called 


in extremely flexible source of timing, 


ihe principle 


sometimes energy storage 


ind is especially suited for use in stati 


1 


controls. Inductive timers and capaci 


tor-discharge or charge schemes are 


the 


transfer timers. 


] 


more common types of electrical 


Any phenomenon that depends on 


time’ mav have merit as a timing 


device. ‘The suction-cup timer used in 
roll-towel racks is an example of an in 
expensive timer solution for a com 
mercial product. 

his 


1 
yincipies 
prin Ip! 


irticle has basi 
the 


embody these in simple, 


presented 
task is to 


] 
low-cost de 


designer's 
ices 


REFERENCI 
Timing Devices—Essential to Automation 
by John ¢ 
Consulting and 


Ponstingl, Engineering Super 
visor, Application Engi 
neering, Westinghouse Electric Corp, 
Cleveland, Ohic. Published in Westing- 


house Engineer, Sept ’59, p. 152. 
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TYPE OF 
TIMING 
DEVICE 


TRANSFER TYPES 





PNEUMATIC | DASHPOT 





Input (initiates 
timing period) 


———- — 
Motivating Force 
(sustains time 
period) 


Voltage — solenoid moves 
piston 


Voltage — solenoid forces 
diaphragm to expel air from 
chamber 


best g o2 ae ee = 
Bias spring moves diaphragm 

and pulls air into chamber 

Time is a function of spring 

force 


Voltage — moves piston. 
Time is inverse function 
of voltage 


— —EEE 





Restricting Media 
(controls time 
period) 


Output 


Time Range 


Accuracy 


Reset Time 





= , 





Time is inverse function of 
clearance and orifice size 
and direct function of 
distance piston moves 


Contacts — by piston 
movement 


Needle valve. Time is inverse 
function of orifice size 





Contacts — by diaphragm 
movement 


0.2 to 200 seconds 





1 to 60 seconds 


10% 20% 


a = — - eee oe —— - — a 
Instantaneous — with | Instantaneous — with 
check valve check valve 





Y 
TYPE OF | 


TIMING 
DEVICE 


TABLE 1t1—HEAT and ELECTRICAL 


TRANSFER TYPES 


+} | 


| 


| 


THERMAL | INDUCTIVE DECAY 





Input (initiates 
timing period) 


Voltage — applied to heater Voltage — removed from coil 


element. Time is inverse 
function of voltage 


EEE 





Motivating Force 
(sustains time 
period) 


Gravity or spring pulls 
relay armature. Time is 
inverse function of spring 
tension 


Metal expands or moves with | 


application of heat 
] 





Restricting Media 
(controls time 
period) 


Inductance delays decay of 
flux. Copper rings increase 
inductance and time delay 


} 

+ 
Timing is function of heat 
transfer rate, thermal 
capacity of metal, and 
distance bimetal moves 





Output 


Contacts — by heated metal | 
or bimetal 


Contacts — by armature 
movement 





Time Range 


0.5 second to 5 minutes 0.5 to 3 seconds 





Accuracy 


+ 50% + 5% 








Reset Time 





Approximately 10% of 


Up to 2 minutes 
time period 
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MERCURY 


SA 
f \ 
j 
rd 
" f 


' ‘wane 


MOTOR 
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ESCAPEMENT 





INERTIA 


INDUCTION DISC 





Voltage — pulls solenoid 
into mercury | 


Mercury forces gas 
from bell through porous 
ceramic or orifice 


=o 


Voltage — starts clock 
motor 


Voltage — applied to 
solenoid. On manuai 
device, spring is wound 


Voltage — applied 
to relay coil 





Clock motor drives gear 
train or cam shafts 


Solenoid plunger moves. 
Time is inverse function 
of voltage and resulting 
pull 


Voltage — applied 
to relay coil 


Voltage — applied to 
drag magnet 


Separate magnet arma- 
ture biases spring which 
rotates disc. Time is inverse 


function of spring pull 





4 
Porous ceramic or orifice. 
Time is inverse function 

of gas leakage 


Speed of clock motor and 
gear ratio of gear train. 
Time is function of distance 
contact or cam must move 


Escapement and inertia 
wheel moves solenoid 
plunger. Time is function 
of oscillating period 





Large mass on 
armature delays 
movement 





Disc rotation slowed by 
drag magnetic field. Time 
is function of distance 

| between contacts 








Mercury completes 
circuit 





Contacts — by gear train 
movement 


Contacts — by plunger 
movement 


Contacts — by 
armature movement 


i 
| Contacts — by disc 
| rotation 


4 





0.2 second to 20 


1 second to days 


1 to 6 sec for magnetic — 


0.1 second or less 


} 1/6 second to 5 seconds 


hrs for manual 


———— — + 
Magnetic — + 15% + 10% 
Manual — 1 sec 


minutes 





Fair 0.1 second for synchronous 10% 
motor. About 5% for dc 


motor 





Instantaneous — with 
ratchet release 


Instantaneous — with 
release-clutch or ratchet 


Instantaneous Same as time period 


fe second 











_B 


INDUCTIVE BUILDUP CAPACITOR DISCHARGE CAPACITOR CHARGE ELECTRONIC 





Voltage — disconnected. Time is 
function of voltage and capacitor 
size 


Voltage -— applied to 
winding on magnet core 


Voltage charges capacitor. 
Time is function of voltage 
and capacitor size 


Same as capac- 
itor discharge 








Magnetic flux Energy stored in capacitor. 
Time period is direct 


function of capacitor size 


Charging voltage. Time is 
direct function of voltage 
and capacitor size 


Same as capac- 
itor discharge 





Inductance of magnetic 
circuit delays buildup 
or change in flux 


Shunting resistor adjusts capacitor 
discharge. Time is direct function 
of resistance value 


Charging rate determines 
time 


Same as capac- 


“ | 
| 
itor discharge 





Voltage—ampli- 
fied by elec- 
tronic tube 


0.01 to 30 
seconds 


Voltage — by flux buildup Voltage. Or contacts by adding relay | Voltage—by capacitor charge 


0.1 to 30 seconds 


—_—_——_+—__ 


0.2 to 20 seconds 





+ 5% depends on device sensing + 5% t+ 1% 


output voltage 





Same as time period 10% or less of time period, 


depending on charge circuitry 


10% of time 
period 


10% of time period 
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From: Sperry Engineering Review 


5 Clutches for Servomechanisms 


Described are: Friction-disc, hysteresis, eddy-current, magnetic 


particle, and magnetic-fluid clutches. 


KENNETH W. KOHLMEYER 
Advanced Studies Engineering Department 
Surface Armament Division 

Sperry Gyroscope Company 


Fora great many years the clutch has played an important 
role in the automotive industry and in the design of indus- 
trial machinery. In the past 15 years, new and wider 
applications of the familiar clutch have been found as a 
result of the tremendous advances in the automatic con- 
trols field. 

Five categories of clutches are available at the present 
time that can be used for servo application, and several 
additic nal types are still in the development stage. ‘The 
most familiar types are friction-disc, hysteresis, eddy-cur- 
rent, magnetic-particle, and magnetic fluid. 


FRICTION-DISC 


The friction-dise clutch is, perhaps, the most widely 
used. A conventional type consists of a stationary field, 


Clutch 
output : 
velocity in 
RPMx 1,000 


which when energized by the control current, electromag- 
netically couples the input disc (drive motor side) to the 
output disc (load side). One disadvantage inherent in 
this method of torque transmission is disc wear due to the 
physical contact of the disc surfaces. This factor can be 
minimized by designing the system so that a minimum 


amount of slippage occurs in the clutch. In addition, 


clutch manufacturers have increased the life of the disc 
by case hardening and chrome plating. The advantages 
of this clutch are its high ratio of output torque to control 
power, light weight, and compactness. 

The friction-disc clutch is most applicable in instrument 
servos where high accelerations are desired, or for special 
applications. However, it can be used in systems having 
power requirements of several hundred watts. It is in- 


04 


1. ACCELERATION CHARACTERISTICS of a clutch actuator and a typical instrument servomotor, showing a 


potential advantage of clutch operation. 
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Energize 


~~ 


7 
! 
20 


Volts DC 


De-energized- both 
. shatt free 
Out Energized-ingut geor flonge 


V Contro/ clutched fo output shoft 








Tyticot either ~~ 
coil energized 








Body 


= al 
[I 


Volts DC 
ippoul nr flange, 
inpul geor Mange 
running 


“a 4’, a m 
energized, Coil Y¥ de-enetgized- 
clutched to shaft 


‘ott “Y" energized, coil "X" de-energited 


V Contro/ ci 
free running shaft broked to body 


3. Friction-dise clutch and brake combination is described, showing both the schematic and the performance 


curve when either one of the coils is energized. 


herently a nonlinear, on-off device, but it can be linearized 
by dithering. Linear operation is not desirable, however, 
because the life of the disc is reduced by the constant 
chattering. Figs. 2 and 3 show the physical and perform- 
ance characteristics of a friction-disc clutch and clutch- 


brake combination. 


HYSTERESIS 


Hysteresis clutches operate on the same basic principle 
as hysteresis motors. The member coupled to the drive 
motor—input side of the clutch—consists of overlapping 
pole assemblies and an exciting coil. A constant dc excita- 
tion is supplied to the coil through brushes and slip rings. 
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The member coupled to the load—output side of clutch 
consists of an aluminum or copper cup lined with a 
permanent magnet ring made of hardened cobalt steel. 
The cup is integral with the output shaft and is free to 
rotate around the pole assembly. When the pole structure 
is driven by a motor, the steel ring will follow the poles. 
A torque is created because the hysteresis component of 
the permanent magnet field is in quadrature with the 
inducing field. The torque transmitted is a function of 
control, or excitation, current. 

Some disadvantages of the hysteresis clutch are its large 
size for its torque-producing capability, its low gain, and 
its limitation to very low power systems. The advantages 
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y 
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D 


rque 
in 
.- OZ 2? i € ( are to A 











0 
0 0 2 30 40 50 6 
Coil current in mo 


of lutch includ 
linearit 


rque 
f the 


ind smooth 


inherent lineari 


» continuous-control stems 


low powe: instrument servos requiring 


he 
the push-pull output stage of a 


speed control and high accelerations 


I by 


) implifer 


conve! 
I'wo clutches operated in thi 
Characteris 


lig t 


vide a system having no backlash 


11 hysteresis clutch are shown in 


EDDY-CURRENT 


rrent clutches operate on the sam¢ basic prin 


is induction motors Ihe input member consists of 


ectromagnetic yoke which is driven at a constant speed 


motor \ tal d mounted on the 


miecta 


4. Typical hysteresis clutch « 
‘ for var ne < tat r B 


a Z o exe 


peg 
itr 


haract 


( oupling betwee! 
from the 


currents in 


hafts ult 
en the edd 
id ot the voke 


the 


output 


clectromag1 ic fo pn betwe 
the di nd tl mag ic fh 
Unlike the clutch imount of 


torque transmitted urrent clutch is propor 
haft peeds slip 
urs when the Spec d of the 


speed of the input shaft 


tional to the 
Maximum torque transfer 0 
shaft is half 


magnitude of slip 


ratio of inpu utput 


output the 


Ihe 


field, which in turn i 


one 
proportional to the magnetic 
ontrol current 
of this type of clutch 

of this type of clutch is the 
\W hen 
range of speed control and high 
ufters 


pr yportional to the 


Fig. 5 shows the characteristics 

The major disadvantage 
powel loss resulting from lipping used in a 
system requiring a wid 
the 
as shown in Fig. 6 
Smooth ¢ 


commutators o1 


clutch 
Some 


mtrol at all speeds; extreme reliability 


starting torque, 1 reduction in efficiency 


idvantages of the eddy-current 
clutch are 
because 


no brushes are required; applica 


Dilit VCT ery wid range from 


| mstrument servo 
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\2 
Relative 
torque 


Torque in 
in-ibs 


Current in mo 


Speed-torque relationship for typical eddy-current coupling 


ous leve of excitat This I ‘ mg ly » made linear 








» systems requiring tl f hi powcr; inherenth 

inear cha ristics, making deal for continuous-control Torque in 
ipplications; no ise gel 101 in.- Ibs 
\ closed-loop ystem employing e eddy-current clutch 

has been designed for 250-foot reflector in 





wzimuth and elevation with tati curacy of +0.3 milli 





radian he power requir r the antenna (at a 


maximum tracking 1 ZU degrees per minute with 





20 40 +60 80 100 120 
Speed in RPM 


1 45 mph wind load 


MAGNETIC-PARTICLE 
lorque transmission is achieved in this type of clutch . —— 


by placing a dry mixture of magnetic particles in the gap 
between two discs. When the clutch is energized by a 
direct current, the particles become a magnetic link, cou 
pling the input and sutput members. The shear strength 


nm, 


of the bond is proportional to the control current. Ito particles as 
vided there is no saturation of the particles, the relation wear. However, the pri 
of torque output to control current is a linear function wear have been minimize 
except in the area of zero excitation Chis nonlinear particle mixture The h 
region can be minimized by employing a push-pull clutch the clutch somewhat for co 
arrangement. magnetic-particle clutch 
Some disadvantages of this type of clutch are poor heat disc clutch but not nearh 
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CUP TYPE 


Stationary 


Magnetic fluid 
member ——... 


or magnetic dry 
powder 

Driving 
member ~~ Output 





Magnetic circuit: 


DISC TYPE 


Stationary 


Magnetic fluid 
member — 


or magnetic dry 
powder 


Driving Output 
member —~ 


~ Bearings 








Magnetic circuit - 


8. Basic designs for eithe« 


hysteresis types. Fig. 7 gives the characteristics of the 
magnetic-particle clutch. 

The advantages of this clutch are smooth speed control, 
high power-gain (approximately 200), and very high 
torque-to-inertia ratio. 
magnetic-particle clutch lends itself to dual operation in 
a small, lightweight package suitable for instrument servos. 

Although this clutch can be used in systems requiring 


As in the friction-disc type, the 


up to 200 watts, it is primarily used in small, low power 
instrument servos requiring very high response. Som 
other applications are in low-inertia absorption dynamom 
eters, brakes, disconnects, variable-torque-limiting devices, 


and tension devices. However, when considering this 


5 
clutch for servo application the designer must keep in 
mind that the clutch is designed primarily for intermit 


tent loads and not for continuous slipping. 


MAGNETIC-FLUID 


The magnetic-fluid clutch is similar to the dry magnetic- 
particle clutch in principle of operation, operating charac 
teristics, and application. ‘The major difference between 
the two clutches is that in the fluid clutch the particles 
are suspended in oil. Characteristics of the fluid type are 
presented in Fig. 9. 

A comparison of the two clutches shows that the fluid 
clutch has the following undesirable characteristics: Leak 
age at high temperature operation, breakdown of oil at 
high temperatures, and settling of the particles during 
extended periods of storage. ‘The fluid clutch has the 
same advantages as the dry clutch and in addition exhibits 
superiority in several other characteristics: Smoother op- 
eration, more uniform distribution of particles during 
operation, less residual drag, superior cooling capability, 


200d 


continuous lubrication, and g 


corrosion resistance, 
wearing characteristics 


400 





Torque in 
in.- OZ 

















200 400 600 800 1000 
Slip speed in RPM 


9. Torque-slip curves for magnetic-fluid clutch. 


Application of the fluid clutch in a closed-loop continu 
ous-control system is limited by the amount of slippage 
required. For high-slip operating, artificial cooling may 
be required to aid in the heat dissipation. 

This type of clutch servo is presently employed in the 
“Stratoscope” project sponsored by the Office of Naval 
Research. The servos are used in the azimuth and eleva 
tion drives of a balloon-borne device which keeps a 
scope pointed at the sun. 

It is evident from the foregoing discussion of various 
types of clutches that the controls engineer must consider 
a number of factors before making a selection 
important to be considered are duty cycle, power requir 
ments, linear or nonlinear control, slipping and heat dis 
sipation, and desired servo respons¢ For a very high 
response, nonlinear, low power, minimum-slippage instru 
ment servo, the friction-disc, dry-particle, or fluid-particle 
clutches are most applicable For linear operation of a 
similar system, a hysteresis clutch is more suitable. Linear 
operation in the medium and high power ranges can b 
accomplished by employing the eddy-current clutch 

lo date, the application of clutch servos has by no 
means been explored to the fullest extent, especially in 
the medium and high power ranges. There can be littl 
doubt that the increasing interest in these devices at 
present will be reflected in greatly expanded application 
in the near future. 


REFERENCES 


Clutch Servomechanisms Design and Applications by Kenneth 
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om: Instruments and Control System 


DYNAMIC RESPONSE 
OF REMOTE PRESSURE PICKUPS 


ROBERT J. REID How interconnecting tubing and transducer-chamber volume can 
EDWARD M. KOPS 


Convair effect accuracy in pneumatic transmission of oscillating pressure. 





Pee not sensing of pressures is often necessary The con 
necting transmission system, however, introduces resonanc< 
problems—the air rushing back and forth in the tube has 
the characteristics of mass, while the enclosed complianc: 
volume at the end of the tube is analogous to a spring 
Roughness of the tube walls, impedes flow in the tube and 


uses energy, thereby pr Widing viscous d 








imping to the 
pneumatic resonant system 

I'he diagrams presented here show the effect, on rang 
ind accuracy of signal transmission, of changing the com 
pliance volume and tube diameters of the pneumatic sens 


ing system 


REFERENCI 

Dynamic Response of Remote Pressure Pickuj 
1 lward M. Kops, Convair, San Diego, C 
1 Instruments & € ontro Svstem Augu 5 





q@1— CONNECTING TUBE and volume chambe f 
duceér and typical frequency-response characteristic 
effect is due primarily to connecting tubing 
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2—MINIMUM-VOLUME TRANSDUCER CHAMBER and its effect 3—REDUCING TUBE DIAMETER at the test chamber and 
on frequency-response characteristic. The flat transmission region a fibrous cord for damping combine to produce the 
is short and resonance occurs at 560 cps. frequency-response characteristic shown. 
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| BARBER 


select the 
motor 
needed for 


your 
application 


Did you know that Barber-Colman Company makes both a-c and 
d-c motors? On these pages we have tried to tell very briefly a 
little about each of our motors. Featuring high quality at low cost, 
Barber-Colman 115 volt a-c (6-220 volt optional) shaded pole 
motors are excellent for commercial and industrial applications. 
Barber-Colman d-c precision motors are available in a variety 

of voltage ranges, styles and specifications to meet airborne and 
industrial applications. Look at the motors illustrated and 

then ask us for more literature on the one that interests you most. 


BARBER-COLMAN COMPANY 


ROCKFORD, 


(SRE So A RRR oN I RRR EE TICS AE 


ILLINOIS 


A-C SHADED POLE UNIDIRECTIONAL MOTORS 
FOR COMMERCIAL APPLICATIONS 


AYAA — DYAA — KYAA 


Specifications: 

Rated horsepower .0007 to .0010 

Length ... ...1-1/8” plus shaft 

Dimensions 2-7/32” x 2-1/4” 

Remarks Exceptionally small 
and compact 

Typical applications — fan blades, 
blowers, . roll chart drives, pho- 
nographs, and gear trains. 


DYAF — KYAF — OYAF — CYAF 


Specifications: 

Rated horsepower .0045 to .032 

Length ... . 1-5/8” to 2-9/16 
plus shaft 

Dimensions... .2-21/32” x 2-3/4” 

Remarks High running torque 

Typical applications — fans for 
heaters, deodorizers and elec- 
tronic equipment; blowers and 
gear trains. 


DYAB — KYAB 

Specifications: 
Rated horsepower .0017 to .0066 
Length 1-5/8” to 2” plus shaft 
Dimensions 2-3/8” x 2-19/32” 
Remarks High starting torque 
Typical applications — slide pro- 

jector fans, hair dryers and re 

frigerators, vending machines, 

office machines, and rotisseries 


AYAR — BYAR — CYAR — DYAR 
EYAR 
Specifications: 
Rated horsepower 005 to .050 
Length ..... .1-29/32” to 3-11/32” 
plus shaft 
Dimensions 3-1/8” x 3-1/4” 
Remarks ...High start or high 
power rotors available 
Typical applications — pumps, 
humidifiers, vaporizers, combus 
tion and industrial controls. 


A-C SHADED POLE 
REVERSIBLE MOTORS 


AYAG — AYAE — BYAE 
Specifications: 
Rated horsepower 00015 to .006 
Length 1-13/64” to 1-53/64”" 
plus shaft 
Dimensions } 
Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 
Typical applications — servomech- 
anisms, remote switching and po- 
sitioning devices, and pen drives. 


3” x 2-7/8" 


CYAE 


Specifications: 

Rated horsepower 0055 to .04 

Length 3-1/8” plus shaft 

Dimensions 3-7/8" x 3-7/8" 

Remarks . Adaptable to 1 or 2-phase 
operation and electronic control 

Typical applications—servomechan 
isms, recording instruments and 
automatic weighing machines 


A-C SHADED POLE 
SYNCHRONOUS MOTORS 


DYAJ — KYAJ 
Specifications: 
Rated horsepower 0043 to .0086 
Length . .1-3/4” to 2-1/8” plus shaft 
Dimensions .. .2-11/32” x 2-19/32” 
or 2-23/64” x 2-19/32" 
Remarks Develop 30 times power 
of ordinary clock motors 
Typical applications—oscillographs, 
scoreboard timers, viscometers, 
facsimile recorders, x ray timers, 
and microfilm cameras. 
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A-C GEARED MOTORS 
SYNCHRONOUS UNIDIRECTIONAL 
REVERSIBLE 


DOUBLE-PLATE 


Barber-Colman a-c geared motors 
provide ratios from 4:1 to 
1,333,800:1. Heavy duty gears and 
output shaft plus long life lubrica- 
tion add to the reliability of these 
geared motors. 
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6-115V D-C PRECISION PERMANENT MAGNET, 
REVERSIBLE MOTORS FOR AIRBORNE 
AND INDUSTRIAL APPLICATIONS 


BYLM 


Specifications: 

Rated horsepower ......up to 0.1 
intermittent duty 

Rated speed . .5,000 to 20,000 rpm 

Power input 7 to 155 watts 

Length 2.19” to 3.19’ 
excluding shaft 

Diameter 


FYLM 


Specifications: 
Rated horsepower 
intermittent duty 
Rated speed 5,000 to 20.000 rpm 
Power input 2 to 70 watts 
Length 1.77” to 2.40” 
excluding shaft 
Diameter 1.25” 
Features .constant brush pressure; 
R3 bearings; 3/16” dia. shaft. 


..up to .055 


A-C 400-CYCLE MOTORS 


AYLO 


Specifications: 
Type . .Split-phase capacitor, squir- 


rel cage rotor 


Rated horsepower up to 40 mhp 


intermittent duty 


Voltage 115 V a-c 
Rated speed 
Length 2.20” excluding shaft and 


9500 to 11,000 rpm 


brake 


Diameter 1.50” 


Brake 100-cycle brake optional 


A-C & D-C TACHOMETER 


GENERATORS 


For Commercial Installations 


Type AYAE a-c 
reversible shaded 
pole motor acts as a 
low-cost, rugged, ac- 
curate, and depend- 
able a-c tachometer 
or rate generator. 


AYAE 


Precision For Military Usage 


BYLM and FYLM 
generators are Ca- 
pable of output volt- 
ages up to 40 volts 
pee 1000 rpm, with 
nigh linearity and 
low ripple content. 
Excellent for servo 
rate feed back. 
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DYLM — EYLM 


Specifications (EYLM only): 

Rated horsepower up to .055 
intermittent duty 

Rated speed . .5,000 to 20,000 rpm 

Power input 7 to 155 watts 

Length 1.83” to 2.45 
excluding shaft 

Diameter 1.38 

DYLM is a split series motor in 
the same envelope 


GYLM with Matching gearhead 


Specifications: 
Rated horsepower 
intermittent duty 
Rated speed 2,000 to 24,000 rpm 
Power input 3 to 60 watts 
Length 1.97” 
excluding shaft and gearhead 
Diameter 75" x 1.63” 
Remarks Rectangular gearhead 
optional, as illustrated 


up to .040 


BLOWERS, GEARHEADS, RIGHT-ANGLE DRIVES, 
FILTERS, GOVERNORS, MAGNETIC BRAKES 


Gearheads 


Right-Angle 
Drives, Filters 


Barber-Colman d-c motors can be 
adapted to a variety of uses. Sev- 
eral sizes and styles of blowers 
and gearheads are available. Right- 
angle drives and multiple-shaft 
outputs can also be had for special 
applications. Radio noise filters, 
governors, or magnetic brakes fur- 
nished if desired 


D-C BATTERY-OPERATED ECONOMY MOTORS 


Specifications 

Rated Horsepower up to 1 mhp 

Voltage 1.5 to 30 V d-c 

Rated speed 1200 to 6000 rpm 
(governed) 

Power input 1 to 5 watts 

Length 1.54” to 1.69” excluding 
shaft 

Remarks . . Patented integral gov- 
ernor for battery operation. Re- 
versible. 


BARBER-COLMAN COMPANY 
Dept. L 1212 Rock Street, Rockford, Illinois 
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cnnounees AMIR UK 


nNoORpaK is a significant advance in the field of 





static switching. Like other siatic systems, NORPak 

performs the functions of machine tool relays, stepping relays, 
latching relays and timers — all without contacts or motion 

of any kind. Like other static systems, NORpak is ideal 

for applications where speed is important—where reliability 
and long life are essential—where conditions make 


conventional magnetic devices impractical. 


But unlike other static switching 
systems, NORpAaK otters the 
important advantages 

shown onthe nextpage .. 


SQUARE J) COMPANY 
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—A SIMPLER, FASTER, STATIC CONTROL! 


EASIEST TO APPLY 

The transistor NOR unit is the basis of NORPak. 
All logic functions ~ AND, OR, NOT, MEMORY 
—can be accomplished with combinations of 
this single NOR unit. NWORpaK is not compli- 
cated—it’s easy to apply to conventional cir- 
cuits. Units are color-coded fer quick identifi- 
cation. Simple DC circuit eliminates worry 
about phase relationships. 


f 


UNMATCHED SPEED 

nworpak provides switching at rates up to 
25,000 per second—faster than any other 
industrial static system. 


SMALLEST COMMERCIAL 
PACKAGES 

NOR pak is available in the form of individ- 
ual components, or in completely engineered 
systems. Components are offered in 6 and 
20 paks, require only 1/4th the equivalent 
relay panel space, and weigh less than com- 
ponents of other static systems. 


EXTRA DEPENDABILITY 

NOR units have been time-tested in com- 
puter use for years. They are not subject to 
wear, will give top performance indefinitely, 
and provide unfailing circuit fidelity. 


SIMPLE TO USE 

Optional monitor lights give visual evi- 
dence of proper performance. Simple dynam- 
ic sequence tester checks individual NOR 
units in operation. 


EXPERT APPLICATION 

HELP 

Field specialists, factory-trained in all as- 
pects of WORPaK, can give you on-the-spot 
answers to any application questions. 





NORpAK is availabie as individ- 
ual components for application 
to specific contro! functions, or 
as completely engineered sys- 
tems ranging from the smallest 
to the largest paneis 








[O) ... design leadership 


© Write for the complete story on NORpPAak 
—its theory, application and operation. 
Square D Company, 4041 North Richards 
Street, Milwaukee 12, Wisconsin 


wherever electricity is distributed and controlled 
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INDUSTRIAL ENGINES eee 


ep 


with 


SHADE TREE SPRAYER 


LEAF COLLECTOR 


) 


Pheereeree 


KAISER 


WILLYS 
MOTORS 


DEPENDABILITY ! 


These three hard-working engines were designed especially for indu 
trial use. They have the traditional ‘Jeep’ toughness and reliability - 
plus "Keypoint Engineering” that gives the Jeep its extra 
The parts that do the most work are built the strongest. Just one 
example of the sound engineering sense that goes into Jeep engine 

keeping them in their best fighting trim. The result — no weak spot 
to cause expensive breakdowns. A 
rotators and stellite or eatonite valves and 
a long life of trouble-free operation. 


tamina 


three enaines have positive 


valve seat insert 


20-45 HP—the Jeep L-4 


(continuous duty) 


This 4-cylinder engine combines the smoothness of 
a six with the economy of a four. It's an improved 
and industrialized version of the engine that 
powered the famous Jeep in two major wars. 


20-55 HP—the Jeep F-4 


(continuous duty) 


This is the only F-head 4-cylinder design built 
today — the most efficient and economical "'four’’ 
available to industry. F-head design permits large 
intake valves for breathing qualities superior to 


L-head or OHV engines. 


33-65 HP—the Jeep ‘Six’ 


(continuous duty) 


For jobs requiring 33-65 horsepower, this ‘six’ is 
tops... produces 143 ft/lbs for continuous duty 
at 1200 rpm, and can still deliver 132 ft/lbs for 
continuous duty at 2600 rpm! 


THE POWER UNIT 


Available with all Jeep Industrial engines, this is a 
complete unit from radiator to SAE bell housing. 
The heavy gauge housing affords complete acces- 
sibility to the enclosed engine through a hinged, 
divided top and removable side panels. Each Jeep 
power unit is operatable at the moment of delivery. 


Accessories 


Many available, including mechanical and velocity 
type governors, Murphy safety switches, Rockford 
PTO's and others. 


WILLYS MOTORS, INC., Industrial Engine Dept., Toledo, ohio 


408 CIRCLE 408 ON READER SERVICE CARD 
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MOTORS 


1 thru 200 horsepower 
(other ratings 1/200 to 1 h.p.) 


Longer Life because High Velocity 
“Dual-Sweep" ventilation Cools and Cleans! 


RospsBins & Myers “Dual-Sweep” 

ventilation is a new concept in high 

velocity internal cooling and clean- 
ing, designed to greatly prolong motor life. Tandem fans— 
one pushing, one pulling—create end-to-end ventilation that 
eliminates “dead” areas and converging air currents which 
deposit dirt. Venturi baffles at each end of the motor direct 
air in a washing action over and around end coils where 
it’s most needed. Passages between field and outer shell form 
a “cylinder of air” which carries off motor heat. 

R&M motors’ long-life insurance also includes these fea- 
tures: Mylar* insulation that has 8 times the dielectric 
strength and 35 times more moisture resistance than ordi- 
nary paper insulation . . . double width bearings with 
extra-large grease capacity . . . end heads that offer full 
height protection . . . removable caps for quick bearing in- 
spection and re-lubrication. For details, write today for 
Bulletin 520-PRE. 


* DuPont registered trademark 


ROBBINS & MYERS, INC. 


motors, household fans, Propellair industrial fans, hoists, Moyno industrial pumps 


SPRINGFIELD, OHIO - BRANTFORD, ONTARIO 
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INCREASE 
PRODUCTIVITY # 


wi : H Capacitor-start. Genera! purpose single 


phase motors that operate in any position 
provide quick, trouble-free starting — pack 

ty f power into little space  througt 
hp. Also in integral ratings through 5 hp 


an 


QUALITY MOTORS 


Boost the productivity of the equipment 

you design by providing motor drives that 

will operate dependably, with a minimum < 

down time for maintenance Choose a 

motor that is matched to the job, with the 

proper speed horsepower voltage— 

that has the right enclosure for your 

application drip-proof totally-enclose: 

50 hp. Type DP 


explosion-proof 
Chances are, you can find the exact motor 
Doubly Protected (Type DP). Cast iron 


standard motors a well-known frames and endplates protect aaginst corro 
sion. Drip-proof enclosures are designed for 


you need in the complete line of Wagner 


<3 > > ’ > h ; . 
completely dependable motor with a protection against falling or splashing liquids 


reputation for quality. A few of the many : Sleeve or bal! bearing, | thr sh 125 hp 
motors in the Wagner line are shown here 

Their excellent performance in their specifi 

applications, their price and prompt deliver 

make them a sound choice for 


your equipment 


OTHER WAGNER MOTORS 
In addition to the motors shown here 
Wagner also furnishes Increment type 
motor and starter combinations, Multispeed 
motors, Wound rotor motors, Jet pump 
motors, Vertical and flange mounted 
motors, and Air-over motors. Consult your 
4 400 hp Type ZP 
nearby Wagner Sales Engineer, or write 


for information 
Tube Ventilated. Cooler running motors tor 
heavy duty applications —big fons, blowers, 
pump drives. Tube cooling system holds 
operating temperatures within specified limits 
Standard TEFC or explosion-proof through 
500 hp 
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Y% hp Type RA 


Repulsion-start Induction. Single-phase 
Start 


motors that moke tough starts easy 


900 hp Type RP 


Open Type Polyphase Squirrel-cage. 
Dr p-proot Su 


oppiications. ir 


toble tor a yenera!l purpose 


583 frame and larger stee 
ball bearings. Rat 


Sleeve or nas 


1000 hg 


frames 


throug 


7% hp 
Integral Type 


Gearmotors. These compact gearmotors 
hove greater than usual capacity, cast iron 
frames and housings for corrosion resistance, 
are available with open-protected or TEFC 
motors. Integral-type or all-motor type 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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- 2-2 Semmanen © Oat fn, cemmen. a 


Ve hp Type RB 


Split-phase. Smal! 


phase motors designed for iow starting torque 


light weight single 


equirements. These motors can solve many 
Ipplication problems economically. 48 frame 


4, Vrhp 


30 hp Type JP 


Extra Protected (Type EP). TEFC motors 
jive complete protection agoinst dust, abra 
Cast iron frames pro 

Also in Explosion 


1 to 100 hp 


sives, fumes or chips 
tect against corrosion 
proof (Type JP). Ribbed frames 
125 to 250 hp 


smooth frames 


25 hp Type DP 


Close-coupled Pump Motors. These 
normal torque polyphase motors, in ratings 
1 through 100 hp, are available in face 
mounted models with special shoft extensions, 
for direct connection to centrifugal pumps 


| 
| 
| 
| 
| 
| 
| 
| 


| 


% hp Type RP 


Polyphase Squirrel-cage. Genero 


se. norma 


10 hp Type RP 


Extra Quiet Polyphase. Sr 


nted motors 


7 hp Polyphase 


Hermetic Motors. For sealed refrigeration 
ond air conditioning units, Wagner builds 
hermetic motors in both single-phase and 
polyphase squirrel-cage types, in fractional 
and integral ratings to 600 hp 





BRANCHES AND DISTRIBUTORS 


IN ALL PRINCIPAL CITIES 


Wasner Electric Corporation 


6406 PLYMOUTH AVENUE, ST. LOUIS 33, MISSOURI 


SERVING 2 GREAT GROWTH INDUSTRIES... - ELECTRICAL~- AUTOMOTIVE 
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catalogs and bulletins continued 
(H-61) Electrical Control and Distribution 

Bulletin, 8 pp. Describes in general terms 
switchboards, contro] panels, load banks, 
high voltage switchgear and others. Mullen 
back Div, Electric Machinery Mfg Co, 


2100 E 27 St, Los Angeles 58 


(H-62) Cam Timers—Catalog, 16 pp. De 
scribes recycling sequence timers, drum 
controllers and accessories. Electric Switch 
Corp, Box 41037, Indianapolis, Ind 


(H-63) Variable Speed Drives—Brochure, 
Dc motors 
half wave rectifier-controllers give 


from 1/50 to 3 hp plus 
variable or constantly regulated speed. 
Electro-Devices, Inc, 4-6 Godwin Ave, 
Paterson, NJ 


(H-64) Variable Speed Drives—Brochure, 
De SC ribe > 


ontrol systems 


8 pp electronic motor speed 
Includes dimensions, rat- 
Electro Devices, Inc, 


Paterson 1, NJ 


ings, applications 


4-6 Godwin Ave, 


(H-65) Electric Tachometers—Bulletin, 4 


pp. Shows operating ranges and dimensions 
for indicators and generators. The Ele 


tro-Mechano Co, 241 E Erie St, Milwau 
kee, Wisc. 


(H-66) Motors and Actuators—Brochure, 


29 pp. Describes electrically powered ro 
tary and linear actuators; ac and dc motors 


; 


about 9.5 hp. Applications are in 


missile aircraft, industry Electroni 


Specialty Co, Eemco Div, 4612 W Jeffer 
on Los Ang ics 16 


(H-67) Proximity Sensors—Data sheet 


29 pp. Describes magnetic pickups, ta 


chometers, accessories and complete count- 


ing and control systems 


Gives pickup 
specifications and characteristics curves 
Electro Products Laboratories, Inc, 4501 


N Ravenswood Ave, Chicago 40 


(H-68) Rotary Switches—Bulletin, 4 pp 
Shows 
switches rated from 3 to 200 amps. Elec. 
tro Switch Corp, 167 King Ave, Wey 
mouth, Mass 


single and multipole or ganged 


H-69) Filters—Brochure, 8 pp. Illustrates 
onstruction details of oil filters and filter 
cases. Engine Life Products Corp, 115 § 


Granada Ave, E] Monte, Cal 


(H-70) Electric Controls 


Bulletin, 8 pp 


Components— 
Describes pushbutton 
tations, speed sensitive switches, relays, 
other components and complete control 


panels. ‘The Euclid Electric & Mfg Co, 
50 Edwards St, Madison, Ohio. 


(H-71) Motors and Blowers—Catalog, 18 
pp. Presents dimensions, performance data 
ind curves for two, four and six-pole in- 
duction motors from 1/500 to 1/5 hp; 
centrifugal blowers rated from 15 to 320 
fm. Fasco Industries, Inc, Augusta St, 


Rochester, NY 


412 


(H-72) Controls and Instrument Com- 
ponents—Brochure, 4 pp. Presents differ 
entials, cams, synchros, servo motors and 
couplings. Ford Instrument Co, Div of 
Sperry Rand Corp, 31010 Thomson Ave, 
Long Is City 1, NY. 


(H-73) Controls—Catalog, 35 pp. De 
scribes components and complete controls 
such as starters, ac and dc pump alterna 
tors, switchboards, ac ground contact in- 
dicators, others. Some are explosion proof. 
Gemco Electric Co, 25685 W Eight Mile 
Rd, Detroit 40 


(H-74) Explosion-proof Controls—Bulletin, 
4 pp. Describes aluminum enclosures, push 
button stations, modular enclosures. 
Gemco Electric Co, 25685 W Eight Mile 
Rd, Detroit 40. 


(H-75) Rotating Cam Limit Switches— 
Bulletin, 8 pp. Provides dimensions, 
specifications, set-up instructions for 
variety of switch using one adjustable type 
cam for most jobs. Gemco Electric Co, 
25685 W Eight Mile Rd, Detroit 40. 


(H-76) Flow, Level and Position Indicators 

Brochure, 16 pp. Explains operation and 
uses of indicating devices with electrical 
The Gems Co, Inc, Sheppard 
Lane, Farmington, Conn 


outputs 


(H-77) Industrial Controls—Catalog, 88 
pp. Describes controls and accessories for 
refrigeration, air conditioning, oil burners, 
appli 
ances, heating. Also power driven valves 
General Controls Co, 801 Allen Ave, 


Glendale 1, Cal. 


automation, aircraft, electronics, 


(H-78) Loop Tape Recorder—Brochure, 
14 pp. Explains operation of tape recorder 
which records pulses at stepped intervals 
along endless tape loop in removable 
cartridge. Stromberg-Carlson Div of Gen- 
eral Dynamics Corp, 100 Carlson Rd, 
Rochester, NY. 


(H-79) Relays—Brochure, 24 pp. Lists 
specifications of telephone type relays in 
multicontact, plug-in, high voltage and 
other models. Stromberg-Carlson Div of 
General Dynamics Corp, 100 Carlson Rd, 
Rochester, NY. 


(H-80) De Motors—Bulletin, 12 pp. De- 
scribes industrial types ranging from one 
to 150 hp. Includes dimensions and con- 
struction features. General Electric Co, 
De Motors & Generators Dept, 3001 E 
Lake Rd, Erie 1, Pa 


(H-81) Large De Motors—Bulletin, 8 pp. 
Describes motors for 
steel, paper, similar applications. Ratings 
are: Constant speed, 125 hp and larger; 
adjustable speed, 25 to 200 hp. General 
Electric Co, Dc Motor & Generator Dept, 
3001 E Lake Rd, Erie 1, Pa 


general purpos¢ 


(H-82) Special De Motors and Generators 
—Bulletin, 8 pp. 
producing to unusual requirements. Gen 
eral Electric Co, Dc Motor & Generator 
Dept, 3001 E Lake Rd, Erie 1, Pa 


Shows capabilities for 


(H-83) Fhp Motors—Catalog, 11 pp. De 
scribes ac, de motors for applications such 
as vending machines, phonographs, fans 
The General Industries Co, Taylor & 


Olive Sts, Elyria, Ohio 


(H-84) Servo Motors—Brochure, 4 pp 
Contains performance curves, spt ihca 
tions, dimensions of 10, 20 and 30 watt 
motors. Genisco, Inc, 2233 Federal Ave, 


Los Angeles 64. 


(H-85) Synchronous Motors—Brochure, 4 
pp. Gives performance curves, dimensions 
and construction of motors from 1/100 to 
1.0 hp. Ginisco, Inc, 2233 Federal Ave, 
Los Angeles 64 


(H-86) Magnetic Reed Switches—Bro 
chure, 4 pp. Ratings and possible uses 
shown for sealed, gas-filled magnetically 


actuated switches with mercury pool, 
mercury wetted or dry contacts. Hamlin 


Inc, Lake & Grove Sts, Lake Mills, Wisc 


(H-87) Sub-fhp Motors—Catalog, 16 pp 


Gives ratings, dimensions of 
blower-heaters, motors as small 
hp. Heinze Electric Co, 6 


st, Lowell, Mass 


(H-88) Special Ac Motors—Data 
40 pp. Provides dimensions and 
ing curves for 400 cps small motor 
designs available for spe ial ser 
from 2 to 1600 cps. Hertner El 
12690 Elmwood Ave, Cleveland 


(H-89) Control Motor—Bull 
Provides dimensional, electrical, m¢ 
cal data on servo type, reversibl 
tion motor for instrumentation, cont! 


Holtzer-Cabot Motor Div, National Pn 
matic Co, Inc, 125 Amory St, Boston 


Motors—Bulletin 


construction 


(H-90) Small 
Gives dimensions, 


teristics of synchronous, hyster 
chronous, induction motors suitab 
instruments, office 7 
Cabot Motor Div, National Pneun 


Co, Inc, 125 Amory St, Boston 


equipment 


Motors—Bull 


synchro 


(H-91) Small Capacitor 
tin, 4 pp. Describes induction 
nous and gear types with 10 watt power 
input. Speed outputs 4 to 1800 rpm Holt 
zer-Cabot Motor Div, National Pneumatic 
Co, Inc, 125 Amory St, Boston 


Motors—C 


pp. Presents dimensions and 


(H-92) Synchronous 


of heavy duty timing motors 
Corp, Princeton, Ind 


continued 


CIRCLE 413 ON READER SERVICE CARD-—> 





lf Heavy-Duty Engine Power Components 
are on your OEM Design 

and Specification List...it’s time 

to Investigate and Specify... 





power by WISCONSIN 


Here at Wisconsin you will find the answers to many questions concerned 
with Engine Power. Answers that may help you cut over-all design and 
development costs to management-applauding levels. A wide choice of 
“custom-engineered” adaptations are available to meet your specific 
requirements. Typical examples are listed in another column. But over 
and above this, consider these basic factors: 
You start with a broad range of sizes for power selectivity to fit the job 
and the machine . . . without under-powering or over-powering. You have 
more than a dozen models to choose from — 4-cycle single cylinder, 2- and 
V-type 4-cylinder, in an overlapping horsepower range from 3 to 56 hp. 
You get basic heavy-duty design and construction in all details . . . the 
in-built stamina to stand up to the severest operating conditions. Service- 
proved on hundreds of thousands of machines the world over. 
And you get basic high torque engineering to provide the load-lugging 
power that hangs on in the clinches . . . rides through the shock loads 
and the heavy going without stalling. Your equipment gets the credit; 
the user-customer gets the benefits. 
You get AIR-COOLING second to none in the engine field . . . assuring 
satisfactory operation at all temperatures from sub-zero to 140° F. The 
equipment user is relieved of all seasonal cooling problems and servicing 
incidental to ownership of a water-cooled engine. This spells low-cost 
maintenance and minimum down-time on the job. 
You get smooth-running, long-life features such as tapered roller bearings 
at BOTH ends of the drop-forged crankshaft . . . on all engine models 
from the smallest to the largest. 
You get 50 years of specialized engine-building experience . . . counsel 
that helps to establish a perfect partnership between the OEM customer 
and the engine builder. 
And back of it all, your distributors, dealers and the users of your equip- 
ment are back-stopped by an organization of approximately 2,000 Author- 
ized Service Stations, carrying factory parts for all Wisconsin models. 
This is the package that goes along with Wisconsin “Custom Engineering”’ 
at your service for better service to you and your entire organization. . . 
at the board, in the plant, and in the field. 
For a briefing on the complete Wisconsin Engine line, write for Bulletin 


S-249 ...and tell us about your power problem. 
Y-210 


WISCONSIN MOTOR CORPORATION 


MILWAUKEE 46, WISCONSIN 


World's Largest Buiiders of Heavy-Duty Air-Cooled Engines 





OU gE atte 


Here are just a few of 
many available 
WISCONSIN Adaptations 


POWER TAKE-OFF: specify your 
choice of centrifugal clutch; 
over-center clutch; clutch reduc- 
tion or reduction assembly in 
@ variety of ratios; adaptor to 
take a spring-loaded clutch or 
transmission-torque converter 
designs. 


DIRECT DRIVE: a crankshaft 
extension to meet your special 
needs. It's available threaded, 
tapered, splined, special diam- 
eters and lengths, various ‘eys, 
etc., for close-coupied pumps, 
generators, and many other 
machines. 


SPEED REGULATION: available 
in a broad range of governor 
controls; hand-operated, remote 
wire-and-lever controls; 2-speed 
agricultural controls (idle and 
load speeds), and special pro- 
visions to mount controls of 
your own design. 


FUEL SYSTEMS: gasoline, nat- 
ural gas, and LPG (for domestic 
applications); and alcohol, kero- 
sene, and No. | fuel oil (for export). 


HYDRAULIC POWER: all Wis- 
consin V4's can be equipped 
with integrally-mounted hy- 
draulic pumps. 


STELLITE EXHAUST VALVES 
AND INSERTS: regularly sup- 
plied with positive type vaive 
rotators, this combination adds 
from 200% to 500% to vaive 
life. Standard Equipment on 6 
Wisconsin Engines but available 
on all models 


ELECTRICAL EQUIPMENT: elec- 
tric starter-generator or starter 
only available for all Wisconsin 
models, 3 to 56 hp. Solenoid 
switches and automatic choke, 
for remote or automatic start- 
ing, are also available. 


SAFETY DEVICES: low-oil-pres- 
sure cut-off switch for 2- and 
4-cyl. engines, and high-temper- 
ature safety switch for all mode's. 


MISCELLANEOUS ACCESSO.- 
RIES: automotive and spark-ar- 
resting mufflers, pre-cleaners, 
drive pulleys for flywheel, and 
rewind sterters for ACN and 
BKN engines. 





MOTOR, ENGINES AND CONTROLS 


: an / | * 
INGERSOLL KALAMAZOO LARC-5 , WHITING 3TM TRACKMOBILE BUCYRUS-ERIE MODEL H.5 HYDROCRANE a 
‘ “ 

van a; 

‘fis a: ly eS 

=" ron ee = = -- 


‘ 


AIR-O-FAN SPRAYER GEORGE E. FAILING HOLEMASTER RIG 


HERE’S WHY LEADING OEM’s POWER WITH 
DEPENDABLE FORD INDUSTRIAL ENGINES 


Spend a few minutes comparing Ford engines to this 

check list and you'll see why more and more original 

equipment manufacturers are swinging to Ford power. 

Durability and Efficiency! Ford’s deep-block construction 

lessens engine vibration. Short-stroke design reduces fric- 

tion and wear. Hard-faced, rotating valves provide better 

seating, mean longer valve life 

Compactness! Ford’s compact design with high power- 

to-weight ratio allows greater freedom of design. 

Parts and Service! Ford’s world-wide dealer network 

over 10,000 Ford Dealerships in U.S. alone) offers 

prompt, efficient service wherever you go. INDUSTRIAL ENGINES 

Wide choice! Ford engines range from 134 to 534 cubic 

inches—including two highly efficient diesels. All are 

available as engine assemblies or power units. FORD POWER IS RIGHT FOR 
Little wonder so many equipment designers, purchasing 

agents and sales managers are specifying modern Ford YOUR EQUIPMENT, TOO! 

power for their equipment. Why not you? 

INDUSTRIAL ENGINE DEPARTMENT, FORD DIVISION, FORD MOTOR CO., P.O. BOX 598, DEARBORN, MICH. 

—> FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 6787, LOS ANGELES 22, CALIF. 


—» FORD INDUSTRIAL ENGINE DEPT., P.O. BOX 1666, RICHMOND, CALIF. 





ie West of Rockies write to: 
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New Motors by 
UNIVERSAL introduce new 
free-aligning ball bearing assembly* 


... utilizing only the shaft for alignment, the new 
Universal Ball Bearing Assembly provides: 
. reduced noise level in ball bearing motors... 
... easier starting regardless of load... 
... elimination of pre-loaded bearings due to misalignment. 


Two new UNIVERSAL ELECTRIC motors, Type 523 (4 pole) and Type 563 
(6 pole) incorporate an entirely new ball bearing assembly design. 

The new ball bearing assembly is resiliently suspended in a 

neoprene collar with the axis of support in the center of the bearing. 
The bearing is thus inherently in balance and can adjust to any 

shaft misalignment 100% of the time utilizing only the shaft itself 

for alignment. This new design requires no pfessure to retain the 

bearing in its position and the bearing cannot be forced from its 


seat regardless of the amount or type of load placed on the shaft. 


Advantages of the UNIVERSAL ELECTRIC ball bearing design 

ore (1) reduced noise level, (2) permanent cushioned end play, 

(3) easier starting, (4) elimination of snap rings, shoulders and 
undercuts thus providing a stronger motor shaft and (5) elimination of 
preloaded bearings due to misalignment thus resulting in a free 
running motor with a longer motor life. UNIVERSAL offers the only 


ball bearing shaded pole motors on the market that can make all of these claims. “Pat. applied for 


UNIVERSAL Electric 
Motors type 523 and 
type 563 with the new ball 


bearing assembly, offer the perfect 
flat speed torque curve necessary for 
critical air moving or recorder 
applications. In addition to these 

2 new motors, UNIVERSAL ELECTRIC 


Universal Bearings* ~@ also is making a new 6 pole sleeve 
Universal Free-Aligning sleeve-type bearing motor Type 63 as well as 
oe ae higd motor the standard 4 pole, Type 23. These motors offer maximum performance 

earing veto 9g t. : 
like the wow ball bearing assembly, and efficiency for kitchen ventilators, unit heaters, evaporative coolers, 
this revolutionary bearing is inherently 
in balance and can adjust to any shaft 


misalignment 100% of the time under f : : . 
any load condition. Write for complete specifications on your requirements. 





condenser fans, refrigerated cabinets, etc. 


UNIVERSAL ELECTRIC COMPANY 6 


PRECISION ELECTRIC MOTORS 


EXECUTIVE AND GENERAL SALES OFFICES: OWOSSO, MICHIGAN, DEPT. 12 
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Bring out the FULL MAGIC of your own engineering 


know-how with Special REULAND Motors 


Don’t ever let a complicated drive requirement stymie 
your own ingenuity. If you have a design idea, go right 
ahead with it...leave the motor adaptation to Reuland. 
Reuland cut its eye teeth in the motor business, many 
years ago, by supplying special motors for new design con- 
cepts. And, while our company now supplies many thou- 
sands of standard motors each year, we have never lost 
sight of the industry’s continual need for something new. 


Reuland’s basic “Xpandable” design is ideally suited to 


special adaptation. For example, there are well over 2000 
special designs in the Reuland Special Motor Library... 
one of which may very likely be close to something you 
may need right now. 


Whether you are doing futuristic doodling...or designing 
for immediate production...cash in on your own creative 
designing talents. A single experimental motor, or a pro- 
duction run, will receive the same well known Reuland 


spirit of cooperation. Why not check into what we say. 
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MULTI-DRIVE MOTOREDUCER 


Shown here is a typical example of a 
Reuland multi-drive unit, as adapted for 


use On a screw conveyor bag filler machine. 


The primary motor turns the screw for 
high speed filling. For final, 

precision filling, a D.C. 

clutch cuts in the 128 r.pm 

Motoreducer. Speed reduc- 

tion ratios of as much as 

100:1 are available. 
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5-STAGE DRIVE CYCLE PACKAGE 

A complete, five-stage operating cycle is 
handied by this one drive package... 
(1) 100 r.p.m. forward run, (2) immedi- 
ate stop, (3) fluid-cushioned start again, 
(4) reverse direction and (5) return at 200 
r.p.m. The complete cycle is accomplished 
by an internal fluid coupling...two-speed, 
reversing duty motor, gear reducer, and 
magnetic brake...within one frame! 


STALL DUTY TORQUE MOTORS 


Reuland torque motors can be stalled or 
“locked” into a load with full current on. 
The units also automatically adjust their 
speed to intermittent load changes. Output 
torques can be changed, as desired, through 
the use of voltage varying devices. Avail- 
able in ratings from % through 10 foot 
pounds...for maximum stalls of 5, 10, 20, 
60 minute and continuous 





SPLINE COUPLED PUMP MOUNT MOTORS 


Reuland spline-coupled hydraulic pump 
mount motors feature a direct connection 
between the pump and the motor’s shaft... 
The installation is made 
by simply slipping the spline coupling onto 
the pump shaft...and attaching the pump 
to the endbell. The unit eliminates flexible 
couplings and platform mounts. Reduces 
Assures per 


inside the motor 


mounting space almost 50% 
fect alignment, automatically. 


¢ ¢ 


MACHINE TOOL MOTORS 


These precision machine tool motors are 
a completely new type, especially made for 


the machine tool industry. They are com- 
pact in design and built to precise specifica- 


tions like a fine tool. Their individual 


dynamic balancing... heavy duty ball bear- 


ings...low inertia, lightweight rotor...and 
even smooth-finished castings, make them a 
match for the most expensive machine tool 





oman 
FLUID-SHAFT BRAKEMOTORS 


Reuland Fluid-Shaft motors eliminate 
shocks and jerks and provide a smooth 
gradual, stepless method of load accelera 
tion. Power is transmitted through an in 
ternal fluid coupling and all starting iner 
tias are absorbed tn a cushion of oil. The 
Reuland “doughnut” magnetic brake 
mounted on the output side of the coupling 

permits extending the motor shaft right 
through for load hook-up 





HOLLOWSHAFT WORM MOTOREDUCERS 


This unique, right-angle Motoreducer fea 
tures a hollow shaft that permits direct 
coupling to equipment by merely inserting 
the drive shaft of the machine. No other 
mounting arrangement is required, except 


the torque arm which serves as an “anchor” 


for the Motoreducer. Eliminates the need 
for couplings, brackets, or belt and chain 
drives. Mounts in very tight areas. 





MULTI-SPEED MOTORS 


Basic designs consist of three predeter- 
mined speed rating selections; 2-speeds 
3-speeds and 4-speeds. The motors are also 
available with three torque-horsepower 
speed combinations. (1) Constant torque 
h.p. varies directly with r.p.m. (2) Vari- 
able Torque...h.p. variation is proportion- 
ate to the square of the speed, and (3) Con 
stant horsepower...wherever h.p. need is 
constant regardless of operating speed. 








MODERN POWER FOR MODERN-DAY PRODUCTS 


all in lightweight aluminum frames! 


REULAND 
MOTORS <> 
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DISC-TYPE MAGNETIC BRAKES 


Reuland “through-shaft” magnetic brakes 
feature a fast and sure direct action princi 
ple. Levers and linkage are eliminated by 
a simple attraction and release action be 
tween the armature and 
magnet. Available for use with all makes 
of motors in (1) endbell type, (2) foot 


mounted and (3) foot mounted—complete 


doughnut” type 


with own bearines and s 


Our new general catalog 

will come in handy. Sent free 
on request. Describes the 
exclusive Reuland “Xp indable” 
design idea...Tells how you 
can benefit by using our free 
Special Motor Library 


REULAND ELECTRIC COMPANY 
WESTERN DIVISION: Alhambra, California 
EASTERN DIVISION: Howell, Michigan 
Distributors in all principal cities 


4 REFER TO SWEET’S PRODUCT DESIGN FILE, SECTION 5A 
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The BODINE line — 


a complete line of fractional hp motors 
More than 3500 standard built-to-order motors 


...for blowers, pumps, coin-handling BODINE SPEED REDUCER 
units, communication equipment, MOTORS 

therapeutic devices, sound-recording ...combines motor and speed reducer in one 
and reproducing equipment, machine unit, eliminating all cumbersome and 

tools, and similar applications : ; complicated speed reducer transmissions such as 
BODINE TYPE N MOTORS : belts, gears, and chains 


These motors are available in three basic 
sizes the smallest 33/g” in diameter... : : single or double 
the largest 51/2”. Almost any type wind- reduction speed reducers 
ing. Standard ratings from 1/150 to 1/6 for transmitting low 
hp at 1725 rpm torques over a wide range 
of speeds. Height, 3° 
Write for bulletin “S” 


...double worm 
reducer to de 
moderate 


.for instruments, timing devices, 
control apparatus, and related 
equipment 
BODINE TYPE K-2 MOTORS 
Available with and without speed re 
ducers. Model without reducer ideal for 
equipment requiring relatively low out 
put. Overall height only 23/9”. Instantly 
reversible. Can be stalled indefinitely 
Synchronous or non-synchronous. Nor 
me! 60-cycle output ranges from 1/200 
to 1/500 hp on continuous duty ...single reduct 

Models with parallel shaft speed re angle worm 
ducer have high starting torque of not ° deliver modera 
less than 150% of full load torque at Height, 47/, 
room temperature. Quickly reversible 
under load. Synchronous or non-syn 
chronous. Drive shaft speeds range from 
300 to 0.7 rpm...torque ratings f 
1.3 in. oz. to 120 in. oz 
Write for bulletin 1024A 

for speed reducer 
models, bulletin 10238 double we 
reaucer for 
high torques at | 


speeds. Height 


...for use in office machines, auto- 
matic phonographs, circulating 
pumps, air conditioning equipment, 
and similar applications 

BODINE TYPE U MOTORS 


“U" type motors are available 

and 1/15 np at 1725 rpm and in 1/30 $ ngle reduction, right 
hp at 1125 rpm. Diameter 4%/g". Split angle worm gear reducers 
phase construction. Resilient mounting for for transmitting substantial 
quiet operation. Thermal overload pro- torques. Height, 6%”. 
tection. 


Write for bulletin 1028 





295 different stock types and sizes ready for fast shipment! 
BODINE ELECTRIC CO., 2510 W. BRADLEY PLACE, CHICAGO 18 


heavy duty reducer for 


continuous driving of 


heavy loads. Ample reserve 
BODINE o+ overloads. Height 77%". 


fractional Eight iiflerent windir 


M OT re) -t— Write for bulletin 1022B 


» power behind the leading products 
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4-cycle ¢ Short stroke 
Air-cooled 


KOHLER ENGINES 


Reliable power for 
quality equipment 

Kohler Co. has manufactured internal 

combustion engines for 40 years. 

Kohler engines are rugged, quick-starting, 

conservatively rated. 

Short stroke design gives maximum usable 

power, cuts engine friction. 

Nation-wide sales and service. 

Kohler engines power Kohler electric 


plants, known everywhere for reliability. 


oO a] L E Rr KO of L t ke FROM 4 TO 24 H.P. Write for illustrated booklet. 
K OF Konter Co. Established 1873 Kouter, Wis. 
ENAMELED IRON AND VITREOUS CHINA PLUMBING FIXTURES ¢ ALL-BRASS FITTINGS « ELECTRIC PLANTS # AIR-COOLED ENGINES « PRECISION CONTROLS 


~<-CIRCLE 418 ON READER SERVICE CARD CIRCLE 419 ON READER SERVICE CARD 419 





MOTOR, ENGINES AND CONTROLS 


SEE FOR 
YOURSELF 


Sound engineering and field 
testing are built into the 
advanced design of all Furnas 
Electric products, to provide 
the leading motor controls 
on the market today. 


@ Stondordized design and exclusive 
“in-between” starter sizes allow wider 
application with fewer units. 


@ Magnet features just one moving 
port. Dual voltage coils, 110-220 or 
220-440 volts at no extra cost. 


@ Trip-free thermal overlood reloys. 
M | or automatic reset. 


@ Non-tracking contact block is impact 


resistant. Visible and front removable 
silver-cadmium oxide contacts. 





“SEE FOR YOURSELF! Write today for 
Bulletin 14-B1 — 1050 McKee Street, 
Batavia, Illinois. 














catalogs and bulletins continued 
(H-93) Ac Motor Starters—Data folder, 32 
pp. Shows operating characteristics, 
circuits, dimensions, ratings for across the 
line and reduced voltage starters. Monitor 
Controller Div of Industrial Electronics 
Co, Inc, 99 Grove St, Rockland, Mass. 


(H-94) Timing Controls—Catalog, 50 pp. 
Provides dimensioned drawings, specifica- 
tions of synchronous motor driven cam 
timers, time delay timers, internal timers 
and running time meters. Industrial Timer 
Corp, 1407 McCarter Hwy, Newark, NJ 


(H-95) Control Systems—Catalog, 16 pp 
Describes process, machine tool, other 
control systems built up from actuators, 
remote positioners, punched card reader, 
additional components. Jordan Controls, 
Inc, 3235 W Hampton Ave, Milwaukee 4 
includes table of actuator motor charac 
teristics 


(H-96) Thermistors—Brochure, 6 pp. Con 
tains characteristics curves and specifica- 
tions of thermistors for operation up to 
300C. Kidde Aero-Space Div, Walter 
Kidde & Co, Inc, 669 Main St, Belle- 
ville 9, NJ. 


(H-97) Overheat Protection—Brochure, 8 
pp. Describes continuous strip, continu- 
ous resetting, thermistor type detector sys- 
tem. Walter Kidde & Co, Inc, Industrial 
& Marine Div, 669 Main St, Belleville 
9, NJ. 


(H-98) Fhp Motors—Bulletin, 8 pp. Fur 
nishes brief specifications of 42 special ap 
plication motors. The Lamb Electric Co, 
Div of American Machine & Metals, Inc, 
Lake St, Kent, Ohio 


(H-99) Thermostatic Control Valves— 
Brochure, 8 pp. Describes temperature 
regulators, mixing valves, other components 
and systems. Lawler Automatic Controls, 
Inc, 453 N MacQuesten Pkwy, Mount 


Vernon, NY. 


(H-100) Solenoids and Relays-—Brochure, 
8 pp. Gives performance data and dimen- 
sions for rotary solenoids, stepping and 
selective relays, stepping motors. Ledex, 
Inc, 123 Webster St, Dayton, Ohio. 


(H-101) Fhp Motors—Brochure, 4 pp. Pro- 
vides performance, dimensional, construc 
tion details for low voltage dc motors 
The Leece-Neville Co, 5109 Hamilton 
Ave, Cleveland. 


(H-102) Gearshift Drives—Bulletin, 8 pp. 
Describes combination induction motor 
and four-speed reducing gear box. Com- 
pares unit with other types of variable 
speed drives. The Lima Electric Motor 
Co, Inc, Findlay Rd, Lima, Ohio 


(H-103) Motors—Bulletin, 8 pp. Provides 
complete discussion of the motor construc- 
tion stressing polyester resin winding pro- 
tection. The Lincoln Electric Co, 2280] 
St Clair Ave, Cleveland. 
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(H-104) Magnetic Plugs—Catalog, 12 pp 
Gives magnet, thread and other data on 
plugs for removing ferrous chips from oil. 
Lisle Corp, 807 Main St, Clarinda, Iowa. 


(H-105) Motors—Brochure, 8 pp De 
scribes wide variety of motors and built-in 
couplings, speed reducers. Also magnetic 
disc brakes. Reuland Electric Co, 3001 
Mission Rd, Alhambra, Cal 


(H-106) Level and Flow Controls—Bull 
tin, 24 pp. Explains how each of the c« 
trols works in the piping systems 

grammed. Also shows electrical circuits 


McDonnell & Miller, Inc, 3500 N Spaul 


ding Ave, Chicago 18 
S 5 


(H-107) Machine Tool Motors—Brochure 
12 pp. Explains factors in making correct 
motor choice. Marathon Electric Mfg 
Corp, Wausau, Wisc 


(H-108) Industrial Engines—Catalog, 2( 
pp. Includes straight six and V-8 gasoline 
engines up to about 150 continuous hp. 
Marine & Industrial Engine Div, Chrysler 
Corp, Box 1836, Detroit 31. 


(H-109) Circuit Breakers—Catalog, 38 
pp. Uses range from home to industry to 
aircraft. Sizes are from 4 to 100 amps 
Mechanical Products, Inc, 1824 River 
St, Jackson, Mich 


(H-110) Pressure Switches—Catalog, 

pp. Describes differential, absolute and gag¢ 
pressure sensing switches for any media 
Meletron Corp 150 N Highland Ave, Los 


Angeles 38 


(H-111) Mercury Switch Controls Bro 
chure, 4 pp. Describes switches with sens 
ing elements for detecting temperatut 
pressure, liquid level. Enclosures vary t 
fit application. The Mercoid Corp, 4201 
Belmont Ave, Chicago 41 


(H-112) Electric Timer—Brochure, 4 pp 
Provides data on cross-section of timing 
switches for industrial use and appliances 
Miller-Harris Instrument Co, 1134 S First 
St, Milwaukee 


Control Blower—Bro 


Describes combination 


(H-113) Damper 
chure, 10 pp 
blower, damper and controls to provide 
two-speed, heat or cool operation. Mor 
rison Products, Inc, 16816 Waterloo Rd, 
Cleveland 10. 


(H-114) Thermostats—Brochure, 11 pp 
Provides dimensioned drawings, specifica 
tions for bimetal thermostats in zero to 
650F range. Norwalk Thermostat Co, 10( 
North West St, Norwalk, Ohi 


(H-115) Fhp Torque Motors—Bulletin, 4 
pp. Presents dimensions, ratings, servic 
conditions of both ac and dec types 
Ohio Electric Mfg Co, 5400 Dunham Rd, 
Maple Hts, Ohio 


continued 
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Both of these control units are rated at 50 horsepower! Actually, 
the new, small Super ‘T’ V*S cabinet packs more punch! 


IKE the Reliance Super ‘T’ Drive Motor, 
new V*S power units utilize Class B 
insulation, permitting a more compact unit. 
100% overloads of one minute duration are 
accomplished without failure! Advanced 
design of ventilation keeps control and 
power units cooler . . . another reason why 
smaller size is possible. And service life is 
substantially extended. 


Matched system design of drive motor, 


Product of the combined 
resources of 
Reliance Electric and 
Engineering Company and its 
Master and Reeves Divisions 


@eeeees68 


power unit and controls produces a highly 
efficient, integrated drive—to give you a 
wide range of stepless, variable operating 
speeds from a-c. circuits. 


Super ‘T’ V*S Drives are available for im- 
mediate delivery. Check your Reliance sales- 
man for delivery schedules on the full line, 
1—350 hp., Bulletin Number D-2506, has 
been prepared to give you complete in- 
formation. Write for it. D-1641 


ELECTRIC AND 
ENGINEERING CO, 


DEPT. 309A, CLEVELAND 17, OHIO 
Canadian Division: Toronto, Ontario 
Sales Offices and Distributors in Principal Cities 


Duty Master A-c. Motors, Master Gearmotors, Reeves Drives, VS Drives, Super ‘T’ D-c. Motors, Generators, Controls and Engineered Drive Systems. 
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PRODUCT 
APPLICATION 


$ 


SY NGWWOL 
TIMING 


Hansen SYNCHRON 
being assembled 
EC 


Controller 


into Local 


unit 





A vital component of 
EAGLE SIGNAL CORPORATION 
Vehicle Supervised Traffic Control Systems 


SYNCHRON motors for 
rraffic Control Systems 


synchronous 
Hansen 
all 


and also govern 


EAGLE SIGNAL CORPORATION Hansen 
power to govern signal timing operations in “EC” 
SYNCHRON 


other intervals which remain constant regardless of cycle length 


uses 


motors regulate amber and pedestrian clearing intervals and 
the 4 independent traffic splits (time division for vehicular traffic) as well as any 
The Hansen SYNCHRON, 


regulating constant intervals, operates on 60-cycle power supply the one govern- 


interval which is variable according to cycle length 


ing variable intervals responds to variable frequency from the master control unit 


HANSEN SYNCHRON TIMING MOTORS were chosen by Eagle Signal after careful test- 
ing of several makes of synchronous motors. Due to the size of some timing devices 
and control units, a small motor with good performance characteristics was needed 
to fit the space limitations. After extensive tests, Hansen SYNCHRON motors were 
specified for: (1) high-quality performance under test; (2) lower cost; (3) long-life 
operation as an integral part of traffic control units. Since adoption, Eagle Signal has 
never experienced an assembly slowdown or stoppage due to failure on service or 
delivery of Hansen SY NCHRON Timing Motors 


SEND TODAY for informative folder containing specifications and technical data on 
all Hansen SYNCHRON motors and clock movements. 


HANSEN REPRESENTATIVES 
THE FROMM COMPANY 
] 5150 W. Madison, Chicago, Illinois 
H. C. JOHNSON AGENCIES, INC 
Rochester, N.Y Buffalo, N.Y. — Syracuse, N.Y. 
Binghamton, N.Y Schenectady, N.Y 


HANSEN ELECTRIC MOTOR ENGINEERING, INC \ 


MANUFACTURING Los Angeles, Colif. — (WEbster 3-7591) 


kl d, lif i 
COMPANY, INC aan, Cantona 
Shy 2 aot weet WINSLOW ELECTRIC CO 


New York, N.Y. — Chester, Conn 
Philadelphia, Penn. — Cleveland, Ohio 


Visit HANSEN Booth No. 711—ISA Show September 26-30 


S 
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catalogs and bulletins continued 


(H-116) Engines Generators—Bri 
ot 


gen 


and 
onstruction, rating 
generators, engine 
ngine-compressors. D W Onan & 

15 University Ave SE, Minne 
Minn 


(H-117) Temperature Controls—Catalog, 8 
rovides descriptions, some prices and 

ions of electrical, mechanical and 

umatic; indicating, non-indicating and 


Che Partlow Corp, 294 
Hartford, NY 


ording ty pe 


Campi Rd, New 


(H-118) Motors—(¢ italog S 
perating Ir for standard 


Show ome special models 


mot Peerless 


14 


represented 
H K Porter Co, In 


W Market St, Warren, Ohio 


H-119) Term erature Controls—Bulletin, 
p. R vu] rollers indicate 


1] 


Oak 
Sk 


(H-120) ‘Temperature Control I'rans 
mitter-receivers— Bulletin 

ntr ind transmitter tempera 
industria 
em The 


Oakton St 


1 nditioning and 


g 
Diagrams sampl 


Co, 34 


H-121 hp Motors—Catalog ] 


Shows ac and dc motors and blow 


ialized related produ t 
In Div of Control ¢ 
| Monroe St vOSSO 


) rf 

Mich 

H-122) Magnetic Chip Detectors—( 
Describe dev to giv 
rormat 


D vhich 


on in cngine 
bridge an 
nplete an electrical circuit. | 


7 Main St, Clarinda, Iowa 
H-123) Vibration 


Bien 8 pp Explain 


Warning— | 
devices de 


f impending failure when 


frequency, low im plitude 
gh ymplitud bration 
( A & 
lid, Anah 
H-124) 


Aircraft and Industrial Controls 
+5 pp. Shows ox: 


ven 


I'ransducer—Brochu 


(H-125) 


pp. Explain 


Pressure 
peration and performan 
available in different 


balance type 


urations for measuring sever 
yendent parameters 
Los Angeles Diy 


Hawthorne, Ca 
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if special application FHP motors are on your mind... 
write for RaM’s new Bulletin’445 


This informative bulletin illustrates 
and describes in detail Robbins & 
Myers broad new line of Special Ap- 
plication FHP Motors. 
You may select from four frame 
sizes, sixteen ratings from 1/100 
through | /3 HP, three different pole constructions, three 
standard mounting arrangements and four electrical 
types. 

Simple, compact and quiet, these motors offer built-in 
benefits for your customers, as well as design flexibility 
for you, where silent operation, limited mounting space 
and minimum attention are factors. 

Also, should your requirements be so special that a 
custom designed motor is indicated, our expert applica- 
tion engineers, using the most modern electronic com- 
puters, can promptly select the optimum design for your 
special requirements. Write today for your copy of oa ’ 
R&M’s new bulletin 445PRE. et Save were 


ROBBINS & MYERS, INC., Springtieid, Ohio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 


round body round body : 
with resilient rings without resilient rings 








resilient base mounting 


Propellair, Industriol Fons * R & M-Hunter Fans ond Electric Heat * Trade-Wind Range Hoods and Ventilators 


Subsidiary companies ot: Memphis, Tenn., Pico Rivera, Colif., Brantford, Ontario 
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| Ex | MOTOR, ENGINES AND CONTROLS 


BIGGER CHOICE 
_.LOWER COST! 


Howard alone offers such an all-inclusive 

line of Universal and D.C. motors—including 

over 65,000 specs on file for every con- 

ceivable application. With this vast source _— 
to draw from chances are there are specs on 1/200th TO | H. P. 
hand to meet your requirements. That's why . J : 
Howard can provide the motor you need, 

more quickly and at lower cost. Shown here High Speed, High Starting Torque 
are just a few of the standard models in the 

Howard line. For complete information, 

samples and prices on these or other Howard 

Universal and D.C. motors—from 1/200th 

to 1 H.P.—send us your specifications today. 


¢ 
4 


Full Load Speed—Series 3800 to 10,000 R.P.M. 
Shunt — 1800 to 10,000 R.P_M. 
VOLTAGES: Series — 6 to 115V, AC-DC 
Shunt — 6 to 120¥ DC 
BEARINGS: Precision grease sealed ball bear-, 


to 10,000 R.P.M. 
RPM. 
VOLTAGES: Series — 6 to 115V, AC-DC 
Shunt — 6 to 120V DC 
ar Precision grease sealed ball bear- 


29-500 
TYPE: Universal AC/DC or Shunt. 
DIAMETER: 3-3 
LENGTH: 4-11/16 to 5-19/32. . 
_ HPs Continuous: Series—1/6 @ 10,000 RPM. 
Shunt or Compound—1/12 
Intermittent Speen t/4. 2 10,000 RPM. 
‘No Lood: Series—15,000 R.P.M. 


Shunt or Compound—-12,000 RPM. 
a Pod Speed: Series—3000 to 10,000 


1000 to 10,000 R.P.M. 
ac/oc. BEARINGS: Porous bronze self aligning type 
with felt oil reservoir. 


5 
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MOTOR, ENGINES AND CONTROLS | 


QMPLETE LINE OF UNIVERSAL 
& DC FRACTIONAL H.P. MOTORS 


19/32”. 
H.P.: Continuous Series—1/15 @ 10,000 R.P.M. 
Shunt—1/20. 
Intermittent: Series—1/6 @ 10,000 R.P.M. Intermittent: Series—1/75 @ 10,000 RPM. 
148. Shunt—1/75. 
SPEED: No Load Speed: Series—15,000 R.P.M. 
Shunt—15,000 R.P_M. j 
ae Pg Speed: Series—5000 to 10,000 
MA, 
Shunt—3000 to 10,000 R.P.M. 
VOLTAGES: Series—6-115V. AC/DC. 
Shunt—6 to 32V. OC. 
BEARINGS: Grease sealed boll bearings. 


MODEL 1100 

TYPE: Universal AC/DC or DC Shunt. 

DIAMETER: 2-13/16". LENGTH: 3-9/16”. 

H.P.: Continuous: Series—1/50 @ 10,000 R.P_M. 
Shunt—1/50. 
Intermittent: Series—1/15 @ 10,000 R.P.M. 
Shunt—1/15. 

SPEED: No Lood: Series— 15,000 R.P.M. approx. 
Shunt—3500 to 12,000 R.P_M. 
Full Load: Series—3000 to 10,000 R.P.M. 
Shint—2000 to 10,000 R.P.M. 

VOLTAGES: Series—6 to 230V. AC/DC. 
Shunt—6 to 120V. DC. 

BEARINGS: Porous bronze sleeve type, or 

Grease Seoled Ball Bearings. 


MODEL 512 

TYPE: Universal AC/DC or DC Shunt 

OIAMETER: 3-3/8". LENGTH: 4.3/4”. 

4.P.: Continuous Series—1/10 @ 10,000 R.P_M. 


Shunt—1/12. 
Intermittent: Series—1/5 @ 10,000 R.P.M. 
Shunt—1/6. 

SPEED: No Lood Speed: Series—15,000 R.P.M. 
Shunt—2000 to 12,000 R.P_M. 
Full Load Speed: 5000 to 10,000 R.P.M. 
Shunt: 1000 to 10,000 R.P.M. 


LENGTH: 5-7/64”. to 6-7/64". 
H.P.; Continvous: Series—1/4 @ 10,000 R.P.M. 
Shunt— 


1/8. 

Intermittent: Series—1/2 @ 10,000 R.P.M. 
Shunt—1/4. 

SPEED: No Lood Speed: Series—18,000 R.P.M. 
Shunt—2000 to 12,000 R.P_M. 
Full Lood Speed: Series—5000 to 10,000 
Shunt— 1000 to 10,000 R.P.M. 

VOLTAGES: Series—6 to 115V. AC/DC. 
Shunt—6 to 230V. DC. 


HOWARD INDUSTRIES, INC., 1750 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 


Sales Offices: Festus, Mo., 1049 Front Street, YE 7-3606 
Camden, New Jersey, 300 Broodwoy, WO 4-9733 Los Angeles 36, 942 S. La Brea Ave.. WE 8-2444 
Chicago 4, 11!., 208 S. LaSalle St., CE 6-5126 New York 1, Empire State Bidg., LO 4-7992 
Cincinnoti 2, O., 1077 Celestial St , PA 1-2985 Tyler, Texas, 2512 Shery! Lone, TY 4-5355 


Representatives in Principal Cities—Consult Your Classified Phase Book 


Ene ELECTRIC MOTOR CORPORATION RACINE ELECTRIC PRODUCTS 
@ creronm MOTOR CORPORATION (Ls) LOYD SCRUGGS COMPANY 
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x MOTOR, ENGINES AND CONTROLS 


FOUR MORE “FIRSTS” 
TECUMSEH 


«For Better Engine Performance 
on Better Garden Equipment 


TECUMSEH 
AIRCRAFT-TYPE 


CARBURETOR 


For the first time, this precision aircraft-type, 
diaphragm carburetor is offered at the same cost as 
old-fashioned, combination units. Can be mounted 
in practically any position on vertical or horizontal- 
shaft engines. Does not require integral gas tank. 
Assures constant air-fuel ratio, which results in 
20°% fuel saving and better engine operation. 


TECUMSEH 
TWIN-ACTION 


STARTER i 


An entirely new concept that gives garden equip- 
ment new flexibility of seat or shroud design. 
Accommodates from 3 h.p. to 5 h.p. vertical shaft 
engine and all horizontal-shaft engines. Operates 
on a 360° wind-up or convenient ratchet principle 
with impulse release. Remote control if desired. 
Wider application includes riding or reel mowers, 
tillers, and similar equipment. Adds important 
new consumer sales feature for progressive manu- 
facturers. 


TECUMSEH 
GAS GAUGE 


426 


Simple, float-type 
with easy-to-read 
legend. Handy ac- 
cessory that solves 
major mowing 
problem, Four 
sizes to fit all en- 


Crankcase oil 
level checked at a 
glance. For all 4- 
cycle vertical- 
shaft engines. 
Easy to install. 


TECUMSEH 


PRODUCTS COMPANY 


JAUSON-POWER PRODUCTS 


Home Office: Tecumseh, Michigan 


Engine Plants: Grafton, Wisc. — New Holstein, Wisc. 
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BREVEL 


This shaded pole motor 

is available as a high 
speed motor alone or as 
the backbone of BREVEL’s 
quality gear motors 


every ear 
Brevel meets 
unusual 
specifications 
for small motor 
applications 
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Your new products get into Series S 
Open Spur 
Gear Motors 


production and to market 
faster, at lower cost when 
BREVEL supplies your mo 
tors. Chances are we have a 
suitable design! You can rely 
on BREVEL’s experienced 
specialization to design, engi- 
neer, and volume-produce pre 
cision motors that give con- 
sistently superior service at 
low cost. Series W 

Open Worm 
We may be making right Gear Motor 
now the motor you need. 
Write, wire, phone NOW... 
and find out. 


Series F 
Enclosed Helical 
Gear Motor 


BREVEL PRODUCTS CORP. 


Specia ! at a oe 


| 613 West 26th Street, New York 1 ©@ WAtkins 4-4737 


CHICAGO: Jerry Golten Co. * 2750 W. North Ave. * EVerglade 4-5959 
LOS ANGELES: Electric Motor Engineering, inc. * 8255 Beverly Bivd. + Olive 1-3220 
IN CANADA: Brevel Products, Ltd., 45 Crockford Blvd., Scarborough, Ont., PL 7-5140 
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MOTOR, ENGINES AND CONTROLS 


catalogs and bulletins .... continued 


(H-126) Miniature Metal Bellows—Bulle 
tin, 4 pp. Gives engineering information, 
formulas and chart for computing and 
specifying any design. Suggests applica 
tions. Servometer Corp, 222 Main Ave, 
Passaic, NJ 1 

Typical Doerr-Perfection gearmotor. Of- } Compact 42 frame motor {only 4%’ 
(H-127) Gasoline Fuel Injection Systems- fered in five sizes, in ratings from 1/20 to : diam.) in ratings to 1 HP.; all types and 
Brochure, 8 pp. Describes operation of 1 HP. High torque capacities. Flange and i enclosures; single and dual voltage. 
vertical mountings available. She Motor shown hos both rigid base and 


components and system. Includes diagram MMA Type C fase meuating 


and curves. Simmonds Aerocessories, Inc, 


105 White Plains Rd, Tarrytown, NY 


(H-128) Fractional Hp Motors—Catalog, 
8 pp. Provides dimensions, ratings and 
other data on motors, blowers, generators, 
tachometer generators. Small Motors, Inc, 
2076 Elston Ave, Chicago 14 


(H-129) Ac Motors—Bulletin, 16 pp. Gives 
electrical and construction details on single 
phase and polyphase induction and syn- 
chronous motors from 4 to 800 hp. A O 
Smith Corp, Electric Motor Div, 531 
N Fourth St, Tipp City, Ohio 


(H-130) Gas Turbine Engines—Brochure, 
pp. Describes engines from 80 to 
hp at 75F. Both axial and cen- 
trifugal compressors and turbines used. 
Some will burn gas. All will burn a variety 
of liquids. Solar Aircraft Co, 2200 Pacific 
Hwy, San Diego, Cal 


(H-131) Photoelectric Controls—Catalog, 
11 pp. Describes basic units and accessories 
for counting and control. Standard Instru- 
ment Corp, 657 Broadway, NYC 
(H-132) Synchronous 
1? _ ) 


Motors—Bulletin, f : a! Doerr eet 

j with special 

PI ' : } ; j . | mounting used 

al data for 50, 15 d 250 oz-it ~~ =r i on leading 10°’ 
scrib Lise s d steppil F 9 <i table saw. 


yp. Presents rating ) fications and 


Supe rior 


Special diameter motor parts for use in 
rotary oil burners. Range ‘2 to 5 HP. 
a TS EC ma 


(H-133) Pressure Reguiator—Bu 
pp. Describes a straight through flow 
lator fe gas, liquid or 
essures to 1400 psig 
of Textron In 616-F W 
uittier Blvd, Whittier, Cal 


eu 


(H-134) Photoelectric Components—Bro 
chure, 4 pp. Describes miniature and sul 


miniature pr rb type phot electri pl k ip 

and light source plus photoelectric con 

trollers. Also shows photoelectric relay 

and proximity pickups and relay Iri Sanitary dairy pump motor... 
Co. 2 7 St Charles Rd. Bell Designed to customer's specifications. 


Doerr motors are now offered in ratings 
up to 15 HP. Motor shown above is 5 HP., 
'ronics 215 frame, totally enclosed, fan-cooled. 


wood, Ill 


(H-135) Ac Motor—Bulletin p 
" ribs 5 st indar | type Ss, ge motors I Fractional and integral [ you GET MORE WITH DOERR! 


speed drives and special purpos« horse ower motor 
US Electrical Motors, In P ’ 


Reine Los Angeles . Write for DOERR 


(H-136) Flow Meters—Bulletin, 6 pp 


> | NEW 14-PAGE CATALOG Electric Corporation 


Shows construction, dimensions of meters 
mo ” 
for air and other gases for capacities to and motor “Idea Book 514 North fouth Aves 


25,000 cfh. Waukee Engineering Co, Inc, Get your copy of the new DOERR Condensed 
5150 N 34 St. Milwaukee, Wisc Catalog ... packed with useful data for de- 

signing, selecting and specifying. Write on 
continued your company letterhead. 





CEDARBURG, WISCONSIN 
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MOTOR, ENGINES AND CONTROLS 


catalogs and bulletins continued 


| (H-137) Engine Controls—Bulletin, 4 pp 

N EW Explains operation of system for manual 

or automatic control by mechanical, elec 

sub-fractional h.p. trical or electronic signal. Waukesha Motor 


hs WORM DRIVE Co, W St Paul Ave, Waukesha, Wisc 
@: + G EAR MOTOR (H-138) Ac Magnetic Starters—Brochure, 8 
; *e pp Describes construction, operation and 
a » TYPE WGM maintenance of motor starters. The Clark 
eer an, Controller Co, 1146 E 152 St, Cleveland 

Ps ™. 

ficient exceptionally a (H-139) Two-stroke a . 
erm 5 op. Gives power and torque curves anc 
low cost \ QUIET a specif ations of engines rated from 1.6 to 
Me operation 5.0 hp. West Bend Aluminum Co, Hart 


~ a : 
=——— ford, Wisc 


A two-pole, shaded pole AC induction motor with totally enclosed die (H-140) Two-stroke Kart Engines—Bro 
cast gear-reducer. Available for 6 to 220 volts, 50 or 60 cycle AC. Gear- chure, 4 pp. Engine with 5.8 cu in. dis 
reducer speeds, % to 300 rpm. Output torque up to 50 inch Ibs. at % rpm. placement delivers over 4 hp @ 6000 
Precision worm drive. Output shafts, 36", 4”, 5%", ¥”. Mounts in any rpm; 7.0 cu in. engine, over 5 hp @ 
position. Ideal for motorized office equipment, revolving displays, vend- 600 Pa Psa = ‘ r Cc 
ing machines, remote TV tuning, etc. Optional: solenoid brake for fast apis. ee ee 
stopping; overload thermal protection; varnish impregnated stator; stain- Hartford, Wisc 
less steel or plated shafts. (H-141) Control Pushbuttons, Relays, 
We custom-design motors up to 1/40 h.p.; 6 to 220 v., 50 or 60 cycle; Pilot Devices—Catalog, 130 pp. Prese nts 
% to 800 rpm.; torque up to 200 inch Ibs. Special gear-reducers designed descriptive and applications data for a 
to your requirements at low cost. Send for details. complete line of manual and magnetic mo 
tor controls. Standard Control Div, Wes 


M Molo Motor & Coil Corp. | tinghouse Electric Corp, Beaver, Pa 


3737 Industrial Avenue ¢ Rolling Meadows, Illinois (H-142) Heat Transfer System—Brochure, 
Custom Designers and Manufacturers of Sub-Fractional Horsepower Motors and Gear-Reducers 8 pp. Describes oil circulating system for 
. heating platens, rolls, mills and applicators 
Youngstown Miller Corp, 191 Woodlawn 

Norwalk, Ohio 


NEG‘ATOR’ MOTORS ALWAYS 
for Experimental Designers SPECIFY 


NEG’ATOR spring mo- 


tors can solve many 
‘‘mechanical drive’”’ 


problems. They pro- | 


vide more turns than COMMUTATO RS 
any other spring 
motor, give constant 
torque output, are and COLLECTOR 
powerfulandcompact, 
will not “jump” or RINGS for top 
skip. Order one for ex- 


perimental purposes. quality and 


See table below for 


stock models and | prompt delivery 


prices. 
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| Spring 
Model | Torque No. 
Ne. | in Revolutions . : : 

"ee te . Always specify TOLEDO for top quality commutators and col- 
ep7172 | «OW 20 lector rings. Quality control top workmanship . . . com- 
Ta202s-1| 78) Wy Ss bined with the highest quality raw materials . . . are your 
A2025-2 T 2 15 assurance that each commutator each collector ring . . . 
A2025-3 is produced to the highest standards of uniform excellence. 
A2025-4 Call Toledo Commutator Co. for quality commutators and col- 
A2025-5 lector rings . . . delivered quickly to your plant to save you 

time . .. to save you money. Write today for Catalog No. 65. 


| 
A Distion of American Mochine ond Mace. | TOLEDO COMMUTATOR CO. 


5 Spring Avenue, Lansdale, Pennsylvania | qwaccg 5 MICHIGAN * QUALITY PRODUCTS SINCE 1895 
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ELECTRICAL AND 
ELECTRONIC COMPONENTS 


Design Abstracts 


10 X-ray Methods 
by Vern W. Palen 


How Information is Presented on Cathode-ray Display Tubes 
by Richard A. Barker 


Fundamentals of Slip-ring Assemblies 


For Inspection and Decision Making, Electronic Gaging 
by David R. Houck 


16 Ways to Apply Limit Switches 


Semiconductors Compared 
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6 TRANSDUCERS FOR 
POSITIONING 


[he increased sophistication of 
numerical control systems users has 
cleared up the early misunderstanding 
that a precise control alone could 
make up for inherent faults of the ma- 
chine. Now fully aware of their re- 
sponsibilities in gaining accuracy ob- 
jectives, machine builders are steadily 
improving the art of mechanical de- 
sign. But they are making things 
harder for the control engineer. With 
the machine builder now really able to 
use high electrical accuracies, control 
engineers may have to upgrade their 
systems. Top attention must be given 
to the position measuring transducer, 
since it sets the accuracy limits of the 
feedback loop. Six high-precision 
transducers with measurement ca- 
pabilities up to one part in a quarter 
million are described. ‘Types described 
and illustrated are Pin-and-paul 
mechanism, magnetic bench-mark sys- 
tem, resolver-type transducers, elec- 
trostatic discs, coded-disc transducer, 
diffraction gratings 


“6 Transducers for Precision Position Measure- 
ment,’ John O. Morin, Concord Control, Inc. 
Control Engineering, May 1960, 330 West 
42nd Street, New York 36. 


* 


Thermoelectricity 

A review of past, present and future 
developments is presented. Some mod- 
ern products depending upon thermo- 
electricity are illustrated. 


“A Ray From the Brighter Tomorrow . Ther- 
moelectricity,’ Capt. Norbert Frankenberger, 
USN, and Lt. John C. Cooper, USN. Bureau of 
Ships Journal, April 1960, Bureau of Ships, 
Dept. of the Navy, Washington 25, D C. 


* 


Silicon Capacitors 

Highly complex equipment of the 
present day may use tens of thousands 
of components in one system. It is 
becoming increasingly vital to keep 
the size and weight of these compo- 
nents as small and as reliable as pos- 
sible. To achieve this aim, it often 
is not sufficient merely to improve the 
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design of existing components. It is 
often desirable to make radical depar- 
tures in the basic design and principle 
of the components. 

An example of such a radical depar- 
ture from conventional basic design is 
the silicon capacitor, a device which 
not only fulfills the function of a con- 
ventional variable air capacitor, but 
does so on an entirely different and 
until recently unused principle 
“Circuit Design Using Silicon Capacitors,” J 
Hammersla, Semiconductor Div, Hughes Prod- 
ucts, Newport Beach, Calif. Electronics, Sept 


18, 1959, 330 W 42nd St, New York 18, New 
York. 


* 


Magnetic Flow Measurement 

Fluid-low measurement by 
netic induction is simple in principle, 
but gives rise to some quite difficult 
which are dis- 


v- 
mag 


practical problems, 
cussed. The worst of these is due to 
the presence of variable out-of-phase 
components in the ac signal. This 
difficulty can be overcome by the use 
of feedback quadrature suppression, 
and a system is described which uses a 
suppressor containing only transistors, 
thermistors and other solid-state elec- 
tronic components 


“Some Problems of Magnetic Flow Measure 
ment,” |. C. Hutcheon, Research and Develop- 
ment Dept, George Kent Ltd. Instrument Engi- 
neer, April 1960, George Kent Ltd, Luton, Bed- 
fordshire, England. 


* 


Thermoelectric Refrigeration 

Thermoelectric semiconductor ma- 
terials, products of semiconductor re- 
search, have converted an old phe- 
nomenon, thermoelectricity, from a 
laboratory curiosity to a_ potential, 
practical source of electric power, or 
of refrigeration. Recent progress in 
materials has made it possible to con- 
struct thermoelectric generators with 
cooling capacities of up to several hun- 
dred Btu per hour. 

Establishment of practical thermo- 
electric cooling fills a gap, in regard to 
capacity, in refrigeration systems. 
Vapor compression systems have a 


lower practical capacity limit of ap- 


proximately 100 Btu per hour. Other 
refrigeration systems, such as vapor 
absorption, suffer disadvantages which 
limit their use in applications requir- 
ing less than 100 Btu per hour. 

The number of applications within 
this low cooling capacity range are in- 
creasing rapidly and in importance. 
This is particularly true in the elec- 
tronics industry. Medicine and _ its 
related sciences represent another im- 
portant field of application for thermo- 
electric cooling. The oil and food in- 
dustries are additional potential fields 
of application 

Smal] size, simplicity, and reliability 
of thermoelectric coolers further en- 
hance their potential use. These ad- 
vantages as well as the growing field 
of application for thermoelectric re- 
frigeration is illustrated by describing 
thermoelectric _ refrigeration 
devices. The majority of the applica- 
tions described are primarily for use 
in electronic equipment or by scien- 
tific laboratory, hospital, or related en- 
Brief mention is made of 


several 


vironment 
interesting thermoelectric 
the development of 


two other 
cooling projects 
a ]-ton shipboard air conditioner and 
an air-conditioned personnel garment 


“Thermoelectric Refrigeration,” W. Ll. Wright, 
Westinghouse Electric Corp, Pittsburgh, Pa 
Electrical Engineering, May 1960, 33 W 39th 
St, New York 19, New York. 


* 


Solenoid-valve Capacity 

Ihese methods of specifying sole- 
noid-valve capacity are discussed: max 
pressure drop; min pressure required; 
coefhcient of flow; equivalent orifice. 
In some cases, some relevant curves 
and equations are included 
“How to Specify Solenoid-valve Capacity.” 


Design Engineering, May ‘60, 481 University 
Ave, Toronto 2, Canada. 


* 


Image Quality and 
Information 

Experiments conducted to deter 
mine relation between quality of 
transmitted image and the amount 


and quality of information obtainable 
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Image simulation and Interpretation 
Meyer Astro-Electroni« Products Div, 
Corp of America, Princeton, NJ 


~ 


Load Cell Weighing Systems 
resistance train-gag 
transducer 


the des 


ign of 

weighing 

inclu 

idaptation 

ng structur recover, the 
rmeticall iled against th 
mment mable shocl 


id cell we 


Using the Load Cell in High-accuracy Weigh 
ing Systems,” Malcolm Green, Bytrex Corp 
Control Engineering, October 1959, 330 W 
42nd Street, New York 36, New York. 


* 


Photoelectric Cell 
for Measuring 


\pplic ition nd design « 


} 


re discussec in exten 


raphy wided Topics cover 
clude gal metric measuremet 
lioht 


photometry with unanalyzed 
pectral photometry and calorimetn 
blackening measure- 


trv and opti il crvs- 


ibsorption and 
ments, polar m 
tallography 

The Photoelectric Cell as a Measuring Instru- 


ment,” Rudolf Sewig. Transaction of Zeitschrift 


fur Instrumentunde (West Germany). Transila 


tions available from Special Libraries Assn 
Translation Center, John Crerar Library, 86 E 
Randolph St, Chicago 1? 


* 


Ultrasonic Measurement 
of Corrosion 

\ method of making nondestr 
thickness measurements from 


on steel, using an ultrasonic 
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described. Accuracy of the “slide 
rule” method of calibration is detailed, 
the various sources of error examined 
ind means of compensating for them 
explained. Merits of the 


tube resonance instrument are ex 


ithode-ra\ 


plained, and _ it efficienci Ove! 


earlier instruments outlined 
] 


New technique | velopec 


experience in recent vears ar 


during 
de 
scribed and some changes in attitude 


toward earlier accepted procedures 


explained. Manner in which data are 
recorded is shown in table 

Ultrasonic Measurement of Tank Ship Cor 
rosion Losses, D J. Evans, Engineering Test 
Services, Inc. Corrosion, Nov 1959, 1061 M&M 
Bldg, Houston 2, Nov ‘59. 


* 


Fuel Cells 

Recent developments in the field of 
fucl cells are described. These device 
are capable of converting the chemical 
energy of fuels directly into electric 
energy. It is predicted that fuel cells 
for central station power may become 
1 reality in the future 


‘Advances in Basic Scierces 1. Fuel Cells,” 
D. L. Douglos, General Electric Research Labo 
rotory, Schenectady, New York. Electrical Engi 
neering, Sept 1959, 33 West 39th St, New 
York 18, New York 


* 


Digital Actuators 

Ihe growing importance of digital 
techniques for computation ind con 
trol has led to the introduction of a 
complete line of digital actuators 
These actuators can be operated di 
rectly from digital computers, digital- 
type remot control stations, or pro- 
grammers. Seven types are illustrated 


Digital Actuators,” T. Gizeski, Ferguson, Hille 
& Associotes, Inc. Instruments and Control 
Systems, November 1959, 845 Ridge Avenue, 
Pittsburgh 12, Penna. 


* 


Thermoelectric Concepts 
for Engineers 

Most engineers have studied the 
first and second laws of thermody 


namics (relating to the conservation of 
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energy and the pr 
However, th 
understanding 


imultancot 


l 
} 
I 


it, t 


ineou 

y current and heat 
explanati n 

lv fit the physical cond 

rmoelectri materials u 

should meet imn 

we ted 


snerie 
ng 


Thermoelectric Concepts for Engineers 

Milnes and Alfonso, Carnegie Institute of Tech- 
nology; AIEE paper CP 60-173 
Institute of Electrical Engineers, 33 W 39th St, 


New York 18 


American 


* 


Trends in Electron Devices 
Electron device technology ke 
idvancing both in new d 
improvements to existing on 
developed nore 
ind display d 
ithode-rav_ tubes 


leading to 


searchers have 
satile storage evi 

1] 
smaller 
ign techniques are 
from = tra\ 


pr ved performance 


wave tubes, parametric amplifier 
secondary emission multiplier tub 
Included information on: § 
tive erasure tube, electrolumines 
reflected-beam 
umplifier, tra 
ul 


logi elements 
scope, parametric 
y 


? 
wave ramps, multiplier 


nol devices 
Latest Trends in Electron Devices Michael 
F. Wolff, Assistant Editor. Electronics, Decem 


ber 25, 1959, 330 W 42nd St, New York 36, 
New York. 


* 


Selecting Transistors 


Nuclear radiation effect 


ing important in desig 


ment that can survive a n¢ 


burst is now being 


With future prospects of nuclear 


craft, equipment must also be abl 
operate for a long time near radiation 
“Selecting Transistors for Radiation Environ 
ments,” John R. Bilinski and Richard Merrill 
General Electric Co, Ithaca, New York. Elec 
tronics, December 25, 1959, 330 W 42nd St, 
New York 36, New York 
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From: American Machinist/ Metalworking Manufacturing 


10 X-RAY METHODS 


VERN W PALEN Diagrams of x-ray setups for inspecting, measuring and 
Philips Electronic Instruments 


Mount Vernon, N.Y analyzing. 








Film or screen 
1. INDUSTRIAL RADIOGRAPHY AND 

FLUOROSCOPY 

Equipment checks internal physica! struc- 
ture of many materials. Spots on films 
dicate voids or other density variatio 
High voltage X-ray units produce hard 
radiation needed to penetrate thick spec 
mens. 

















Photo sel a Photo electrons 








/mgoge ron 2. INDUSTRIAL FLUOROSCOPY WITH 
intensitieér IMAGE INTENSIFIER 
Observotion Used for inspection of steel welds, hea 
ubber sections, honeycomb, thick plast 
parts, ordnance materials, homogene t 
fuel elements. 





screen 














3. X-RAY ABSORPTION 

Instrument compares direct intensity 
from X-ray tube with that remaining after 
passing through specimen. The ratio of 
the two readings determines chemical com- 
position by applying laws of X-ray absorp- 
jon, 

















Secondary 
radiation 


4. X-RAY FLUORESCENCE a seo 
Instruments used for measuring 

ng on steel plate and other similar applica 
ons. Primary beam causes base metal! t 

fluoresce. Secondary rays are partially 

absorbed by coating Detected intensity 
emaining is a measure of coating thick- 





ness 





Flectron beo 
focussed to 
fine point 


\ . 5S. PROJECTION MICRORADIOGRAPHY 
| (X-ray Microscopy) 





For critical evaluation of opaque 
mens. By choice of different targets 
antec . C peration, stereo micrography and : 
SOUrCE n 7 NE ‘ } on analysis are handled on this instr 
Distance of specimen from praan pe Sihe ment. An adjunct to light and electron 


point focus determines se 
magnitications 


\E ecrron 
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3mm diameter 
film in contact 
with specimon 


Specimen 6. CONTACT MICRORADIOGRAPHY 

For examining opaque minute specimen 
for microscopic detail Small table unit 
X-ray picture enlarged employs 5kv or less to produce “‘soft"’ X- 
photographically rays needed to work on thin foil specimens 














7. X-RAY DIFFRACTION 

Analyzes for a chemical compound 
such as inorganic salt Each substance 
produces a different X-ray fingerprint.’ 
Curved lines are 


are produced on film by 
X-rays diffracted by atoms in specimen 





[0))))))) (To) 











[lane hretee 


8. X-RAY DIFFRACTOMETRY 





“ Analyze for all chemica compound 

Strip chart such as inorganic salt Same prin 
recorder liffraction except film replaced 

tector and chart to give faster 

curate data. Eliminates film proce 

measurement. 


Detector 
froverses orc 














x-ray 


defector 








| 9. X-RAY SPECTOGRAPHY 


(FLUORESCENCE) 

Analyzes for element n atomic range 
from No. 12 (magnesium) to No. 98 (ca 
Strip chart fornium) Rong ees - c X-ray spectograph 
a nd E available for productior ne control witt 
Detector recorder trip chart senleanll with printout console 
traverses Results are printed on tape for as many a 

f t ' 


24 elements as ast as samples are 








orc 





serted 





10. ELECTRON MICROBEAM PROBE 
or qualitative and quantitative ana 


X-ray specimen surface in one cubic micr 
deflector are? Used with optical microscopes 


varying compo lo 


fo 
alized 
Specimen acts as target and give 
-rays from spot. Electromechanica 
vices provide motion for scanning the 
specimen 


Electron —— 
beam REFERENCE: 
focussed Detector X-ray Methods by Vern W. Palen, Philips 


fo fine — Electronic Instruments, Mt Vernon, N. ¥ 
point Analyzing Timer & pulse Published in American Machinist, Feb 
crystal counter | 8 "60, p. 143. 





Electron 
Source 























PRODUCT ENGINEERING — Mid-September, 1960 





| xa ELECTRICAL AND ELECTRONIC COMPONENTS 
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how information is presented on... 
CATHODE-RAY DISPLAY TUBES 


RICHARD A. BARKER Stavid Engineering, Ine. 


The need for dynamic display—the 
exhibit of information which continu- 
ally changes, sometimes at high rates 
of speed—has revealed certain limita- 
tions of older display techniques 
These limitations can be broadly sum- 
marized as deficiencies in one or more 
of the following respects: Size, bright- 
ness, currentness. freedom from ob- 
jectionable psychological effects, reso- 
lution, quantity of information pre 


Not all the 


ipproa hes are deficient 


sented, and pictorialism 
older display 
in all of these categories, nor do the 
newer dynamic display techniques 
fully satisfy 


namic display techniques generally im- 


ill seven. The newer dy- 
prove upon one or more of these limi- 
tations 

Becaust many of the applications 
for dynamic information are associated 
with electronic systems—air trafic con- 
trol,air defense, battlefield surveillance, 
and high speed data processing—con- 
siderable effort has been expended on 
cathode tube a more use- 
These efforts have 
Char- 
direct view 
tubes: scan conversion tubes; 


making th 
ful display device. 


resulted in 


improvements in: 
acter generation tubes 
stor ig¢ 
color tubes; special function tubes. 
Some of the newest and most prom- 
ising techniques are tabulated in this 
article. Some are still in the develop- 


ment stage. 


CHARACTER GENERATION TUBES 


l'o identify symbolically as well as 
isplay information, character gener- 
ition tubes have been developed, such 
is the Charactron. 
that can generate one or more alpha- 


lec- 


These are tubes 


numeric characters by passing an ¢ 
tron beam through an appropriately 
shaped aperture. 

The Typotron combines character 
presentation with storage; the Com- 
positron has a changeable font; and 
the Indicoder displays a limited num- 
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ber of characters (up to 12) one at 


a time. 


DIRECT VIEW STORAGE TUBES 

Long persistence phosphors, re-ex- 
cited at a slow rate, do not stay 
bright long enough for many appli 
cations. The direct view storage tube 
offsets this deficiency by continuously 
re-exciting the tube face. A “write 
electron gun registers intelligence on 
A “flood” electron 


gun then excites a phosphor 


1 storage mesh 


screen: 


Here’s What Some of Them 


Mu-metal Adjusters 


S/lection 


plotes 


Lens coil yoke 


Reference 
plates 
|. Charactron 


Deflection 
lates 
Flood P | “< 
electrons \ 
Character 

written 


Flood gun 


es Choracter-shoped beam 
=—— \— Storage torget 


- 


Character Generation Tubes 


\ | 
Deflection \\ 


following the pattern on the mesh. 
Whiting speeds are as high as 300,- 
QOU in per sec. 


COLOR TUBES 

rhe use of color in displays offers 
one of the most promising ways of 
gaining another variable display param- 
eter I 
sible to display radar blips represent- 


x example, it might be pos 


ing aircraft at another altitude in a 
second color, et Many color tubes 


under study were developed for en 


Look Like 


Accelerator Viewing 
screen 


\\' 


Displayed 
choracter 


Writing gun~ 
Lens 


\ 
Selection 
plotes 


Character 
Mmorrix 


nsotion plotes 


2. Typotron 
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Viewing section Writing section 


tO” emma oh moor rm 


Srp gt Sere Soa cable al 
- ~~ ' Wrife gun 
wt 


aetee a. —s 
vit Collimati eho ft x 


pies ae 


fi 100d Detlecting 
Collector grid electrodes 


3.RCA 6866 


—e eS 








Baking 
electrode 


Direct View Storage Tube 


Focusing 
anode. Output 


Target output 





Voltage control Garection ring 
Deflection 


AND ELECTRONIC COMPONENTS ao 


Phosphor screen 


“\ 


Gloss or 


a Slve 
Green 








4. Chromatron 


Color Tube 


be ut signal 
* nd DC Ros 





Writing 
gun 


Scan Conversion Tubes 





Anode 
(grounded) 


Collector 





Correction 
ring 


5, Intec Video 
Transformation 
TMA-403X 


Dielectric 


= 
Cathode 


Deflection yoke 


/nterna/ 


ine Grid Grid 


No.4 No.2 Grid No.1 

















* 








\ 


\ 








Storage 
pried = 9d 





G/0Ss—~7 
Electron 

V gun Phosphor) 

Vertical 

> defection 

plotes 


aS 


— 


Electron 
beam Fi 


4“ 


Y eS y 


beam 
E9000000005, Electron 
“ g Ui "7 
Horizontal deflection plates 


Front view 

















- 
wt 


Electron 








Side view 
7. Aiken 
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SAE) 
conductive coating 


Grid No3 


Deflecting 
e/ectrodes 


Cathode 


6. Radechon 


Special Tubes 


Electron gun 


Gloss 


envelope Storage screen 


Projection system 


8. Light Valve 
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so a dotted trajectory appears. 
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In air trafic control the device per- 


version tube provides storage, infor- 
} - 


mation can be put into the tube at 
one rate and withdrawn at another. 


mits the 
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ELECTRICAL AND ELECTRONIC COMPONENTS a. | 


fundamentals of... 
SLIP-RING ASSEMBLIES 


Types, construction hints, operation and limitations of general 


purpose rings. 


General purpose slip ring assemblies 
are those used in relay, lighting and 
power supply circuits. These circuits 
are characterized by lack of sensitivity 
to external electrical influence induced 
by electrostatic or electromagnetic 
fields from other circuits. Another 
usual characteristic of these assem- 
blies is their limited power handling 
requirements. For higher current and 
power requirements, the 
usually classified as power rings 


mings are 


TYPES OF RINGS 


Design techniques have been de- 
veloped for small size and light 
weight. These are drum type, pan 
type, and electroformed assemblies. 

Che drum type are brushed on the 
surface bounded by the outside diam- 
eter. Another drum type ring is 
brushed on the flat surface. In this 
instance the brushes project between 
the ring surfaces 

Pan type construction consists of a 
concentric, nested set of rings on one 


plane 
CONSTRUCTION 


It is relatively easy to make electro 
formed rings of the first mentioned 
drum type and the pan type, and they 
perform well as general purpose rings 
However, choice of materials is 
limited. 

The fabricated type construction 
will be superior and will surpass all 
the usual requirements of general 
purpose rings over the electroformed 
construction for universal applica- 
tions. 

Fabricated ring stacks are metal 
plastic laminate 
insulators The plastic laminate 
should be treated with an insulating 
varnish to seal the machined edges 
against the entrance of moisture. The 
rings may be continuous and ma- 


chined from plate stock or stamped 


rings separated by 





Poncoke (plastic) 


Mounting hole 
\ Mounting ring 


Brush block ' nsutotor ring 
4 


Brush Bi 
| 


SLIP-RING TYPCS are: Drum type, fabricated o 


(B), and pan type, electroformed (C) 


from sheet. The standard hardness for 

the rings is 125 BHN minimum 
Brush materials for slip 

rings are 


contact 
usually sintered _ silver 
graphite; the silver provides the low 
contact and brush resistance, and the 
graphite provides lubrication for long 


wear. 


OPERATION 


As the brush moves with respect to 
the ring, and with current flowing 
from brush to ring or vice versa, there 
are variations in current flow resulting 
from the imperfect contact between 
the moving elements of the circuit 
Even for general purpose slip-ring ap- 
plications, this current variation is 
kept to a minimum by proper selec- 
tion of compatible materials. The 
resistance variation seldom exceeds 
0.005 ohms for double contacts on a 


PRODUCT ENGINEERING — Mid-September, 1960 


\Terminal 


Mounting holes 


Slip ring“ 
+ 


Terminol t Poncoke (plostic} 


ring. This is equivalent to about | ft 


of 16 AWG copper wire 


LIMITATIONS 


General purpose rings are usually 
limited to slow rotating speeds, not 
more than 1,000 rpm or less than 
1,000 ft/min 


ceeded, the assembly is no 


If this speed is ex 
longer 
considered a general purpose ring as- 
sembly, because special brush matt 
rials or even air cooling may becom 
necessary. 

Additional considerations for this 
type slip ring assembly come undet 


the other type assemblies 


REFERENCI 


Fundamental Description of General Pur 
pose Slip Ring Assemblies. Published by 
Engelhard Industries, Inc, D. E. Make 
peace Div, Attleboro, Massachusetts 
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From: ASTE Paper 


for inspection and decision making... 


ELECTRONIC GAGING 


How sensing elements, gage circuits, sum computers and difference 


computers can increase speed, sensitivity and accuracy of inspection. 


DAVID R. HOUCK 

Application Engineer 

Industrial and Machine-tool Operations 
Radio Corporation of America 


Bihe increasing demand in 


for toleran requiring faster, mor 


industry 


reliable, and versatile inspection meth 
ods. These requirements are stimulat 
ing electronic inspection and decision 
While it may not 
design enginect 
theor 
involved, it increasingly neces 

that he know 


of electronic inspection methods 


making methods 
be necessary for the 


to understand the electronic 


the general capabilitic 


(he first step in acquiring a work 


ing Knowledge of electronic inspect 


and de n-making methods 


stat nomenclature 


under 


function clements 


the same 


BASIC COMPONENTS 


Gage Circuit. The function of thi 


. 
element to transform the electri 


change bv the displacement 
the sensing 


nal for deflecting the 


lement into a usable 

pointer of 
meter or for operating electronic limit 
switches. The chief advantage of a 


440 


system that has a variable capacitor 


is its sensing element is that its gage 
circuit has an extremely high output 


1 ‘ 
vol | 


t directly 


which can be usec 


ige 
without intermediate multi-stage am 
plifiers \ 


meter can be 


standard recorder o1 


connected to the gag 
unit to give a visual indication of siz 


However, other elements must b 


used to make automatic decisions from 
ctrical information supplied bv th 
nsing element and gag 


t prete rred element 


his 


et voltage ilu 
h output 


the indication of 


undersize, acceptable tolerance siz 


ind oversize categories. use two elec 
switches—the first 


its relay at the low toler- 


tronic switch set 


to energize 
ince limit, and the second switch set 
for the high limit. A part which did 
not cause the gage to operate either 
witch would, of course, be undersiz« 


lf the first switch is actuated but not 


the second switch. the part is within 


the acceptable tolerance rang: if 
both the first and second switche ire 
ictuated, the part is oversize By us 
chain of switches, parts can be 
into anv number of categories 
issemblhic 
important el 
sion-making phas¢ 
tion system are 


Sum Computer. 


Difference Computer. 


} 


} 


WORKING EXAMPLES 


Io measure overall length 


ember of 


th 
ss member 


rements 


compute! 

unit will measure the length 
of each of the two segments, the sum 
compute! will add the two measur 


ments to give the over-all length 


Io measure width and parallelism 


of a rectangular part, Fig. 3, measur 


the width at each end with two gag« 
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Stator 


Gage tip 


1.—VARIABLE-CAPACITOR SENSING-ELEMENT is low-cost unit 


that can be incorporated into efficient inspection setups. 


7 


Locoting 


Ditference computer 


Gage 
circuit 


1 [sensing 
Port. | element 








Locating 








onvil 


3.—-WIDTH AND PARALLELISM of a rectangular part (A) can be meas- 


ured by same sensing elements when position of locating anvil can be 


changed. Squareness is measured at 


ircuits, and determine parallelism by 
means of a difference computer If 
necessary, the direction of any out-of 
found by 


differ- 


parallel condition can be 
electrically determining if the 


ence of the two readings plus or 
minus 

Surface hardness is measured by the 
penetration of an indentor under a 
By using a sensing ele- 
travel of the 


circuit, two elec- 


specified load 
ment to measure the 
penctrator, a gage 
tronic switches, and appropriate sort- 
ing mechanism, parts can be automati- 
cally segregated into categories of too 
soft, acceptable and too-hard 

Weighing can be accomplished by 
measuring the deflection of a beam 

Spring force can be determined in 
the same manner 

Out-of-roundness and concentricity 
can be measured by gage circuits modi- 
fied to react to a change of reading 
only—actual diameter size does not 
influence the final answer. 


MAJOR ADVANTAGES 


While any of the above inspection 
problems can, in many cases, be solved 
with pneumatic or electrical gaging 
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2.—OVERALL LENGTH 


two sensing 


techniques, electronic methods offer 
the following major advantages 


1. Higher Speed. Because the time 
required for an electronic gaging sys- 
tem to resolve an answer is, for all 
practical purposes, negligible, the in- 
spection rate of an electronic inspec 
tion and sorting system is limited only 
by the time required for the mechani- 
cal motions involved in getting the 
parts to and from the gaging fixture 
Some typical inspection and sorting 
rates of automatic machines using elec- 
tronics are 

Diameter inspection of bearing roll- 
ers—15,000 per hour. 

Hardness inspection — 4,000 per 
hour. 

Out-of-round inspection—3,000 per 
hour. 

Weighing—6,000 per hour. 


2. Greater sensitivity and accuracy. 
Under ideal laboratory conditions elec- 
tronic gage circuits can indicate di 
mensional variations in size as small 
as 0.000002 in. When properly ap- 
plied, electronic gaging and segregat- 
ing methods can be used on automatic 
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ross. Three 


lengths are det 


element 


machines for accurately checking and 
sorting parts having dimensional tol- 
erances as small as 0.000020 in 

Although present electronic 


tion methods are today 


mspec- 
enabl ng us to 
measurement which 


solve problems 


were thought unsolvable onl few 
vears a 


of an 
ther 


go and we speak of millionths 
than 


ire many future developments 


inch rather thousandths, 


in methods that will far surpass those 
of today 


ods for process control will also greatly 


Electronic inspection meth- 


increas¢ The engineer must, there- 
fore, be alert to new developments, 
ind maintain a working knowledge of 
clectronic-inspection fundamentals and 
decision-making methods if he is to 
take full advantage of their broad ca- 
pabilities. It should never be forgotten 
} 


that one most important bonus can be 


reduced cost of product 


REFERENCI 


Parts Inspection and Decision Makin 

David R. Houck, Applica 

Industrial and Na 
Radio Corpora 


Technical Paper 
! 


Electronics by 
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tool Operations, 


America. ASTI 
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From: NEMA Bulletin 


16 ways to apply... LIMIT SWITCHES 





























. OPPOSITE POLARITIES should 
of one limit switch unless the 


not ¢ 
he contacts 
pecifically designed for such service 





Slow 
motion 


limit 


Industrial limit switches are a basic component in all phases 
liable that 


+ 
yperati 


of process and 
the 


if 1S 


generally 


h wevecl 


Limit switches 
rorg 
important that they are correcth lie lo 


manufacturing control are now so r 


can be mounted and tte n, 


] 


how 


tructions show 


ving in 
REFERENCI 


Precision Snap-acting Swit 


National Electrical Manufact 





























connected 


de- 


should not be 
unless 


2.. POWER from different 
to the limit 
signed for such service 


to 
switch i 


onnected 


sources 


contacts of one switch specifically 





3. . SNAP-ACTING limit switches should be used when they 


are actuated by relatively slow motions. 
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4... CAM or dog arrangements should be such that the 
tuator is not suddenly released to snap back freely 


ac- 
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5.. SEVERE IMPACT can damage switch. Make 


a severe impact, 


sure cam 


s designed to avoid giving actuator 


Rath Ang 
DOT wrong 


long enough to 


fast 


6. . HOLD contact 
etc., where 


operat 


relatively motions are 


involved. 








. SUPPLEMENTARY ACTUATORS should n be 1 
for them 
actuators 
not 


ss the limit switches are specifically designed 
hows 


must be 


vel In emergency 


make 


such supplementary 


used sure that whip effect will cause 


trouble 





. OPERATING MECHANISMS for 
that 
the limit switch is not operated 


limit 


so designed under any 
conditions, 
travel limit position 


a mechanical 


A limit switch shouk 


stop. 





9. . FOR PUSHROD ACTUATORS, 


should be 


the actuating force 
possible in line with the 

This will then prevent any undue resultant 
causing excessive wear. 


applied as nearly as 
pushrod axis 


forces from 
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10... FOR LEVER ACTUATORS, the actuat 


be applied as nearly perpendicular to the lever as practi 


and perpendicular to the shaft axis about 
rotates. 


operating 


i no 


ing force shouk 


which the 
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Actuator Stop 


free position Com 7 
— ~ 
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| Wrong 








Right 


lneratinga 
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11. . ACTUATOR must be allowed to move far enough for 
positive operation of the contacts. 





Wrong 





RIGID MOUNTING in readily accessible locations 
th suitable clearances to permit easy service is impor 
t. Cover plates should face the maintenance access 





15. . PLACE SWITCHES in locations where machining 
hips do not accumulate under normal operating conditions. 








= 


12... MOUNT LIMIT switches in locations that will prevent 
false operation by normal movements of operator or ma 
chine components. 


—___—J 


14.. DON’T SUBMERGE or splash switches with oils, cool 
ants, or other liquids unless they are designed for such 


service, 





| Wrong Right 


om oe 


16.. TEMPERATURE or atmospheric conditions must not 
be beyond those for which the limit switch has been de- 
signed 
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SEMICONDUCTORS COMPARED 


De-powered products are on the in- 
Since most of today’s electric 
power is generated in 60-cycle form, 


crease. 


de loads must be fed through convert- 
ers or rectifiers. Semiconductors, espe- 
cially silicon, are continually bidding 
successfully for ever-larger power-con- 
version jobs throughout industry 

The table 
how different types of semiconductors 


presented here shows 
compare; the charts plot various clec- 
trical characteristics of these types of 


rectifiers. 


REFERENCE 


Electrical Conversion 
Associate Editor, P 
Report, De 


by 


owcr 


Norman Peach, 
A Power Special 


cember 1959, p. 6 


Tabulated and charted data on silicon, germanium, selenium 


and copper oxide semiconductors. 


How Semiconductors Compare 





Characteristic 


Size 
W eight 
Cooling 
Life 


Aging (forward resistance) 
Forward loss ot some current density 


Leokage (reverse current) 
Ability to heal 
Unforming 


Series operation of cells 


Porallel operation of celis 


Cell-operating temperature limit 


Thermal capacity 
Humidity effects 


Frequency response 


Silicon 


Very smoll 
Very light 


Notural or forced 


Very long 


None 
Good 
Excellent 
None 
None 


Good 

Good 

250 C 

Poor 

Hermeticolly 
sealed 

Good 


Germanium Selenium 


Very smoll lorge lorge 
Light 

Notural or forced 
60,000-—100,000 hr 


(conv ention-cooled 


Very light Heovy 
Notural or forced 
Very long Long-proven 
ratings 

Stab ilizes 
Good 

Foir 

Good 
None 


None Inc eases 


Excellent (lowest) Foir (highest) 
Good 


Excellent 


Excellent 
None 
None Appreciable 
(low-temp process) 
Good Excellent 
Good 
85C 


Poor to good 


Excelient 
Excellent 
75C 

Best 
Negligible 


Excellent 
85C 
Foir 
Hermetically Negligible 
seoled 
Good 


Poor Foir 
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e selenium falls off; selenium is not 


high voltage. 
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CATALOGS at etre ce 6 
and BULLETINS | 


(1-19) Aluminum Conduit 


[-20) Aluminum Strip Conductor—B 
Explains how t | 
transform 
To obtain copies of literature described below, write vinding ynolds Metals ( 
prefix letter and number on reader service card 


1-21) Printed Circuit Laminate 
lhermocouple Wire—| (1-10) Plastic Enclesed Switches j » Pr 


D P nts di 


Glass Sealing Alloy Wire—Data 
Terminal Blocks " rrey . 


' ‘ 


1) mp. Csi ipa 


(1-11) Small Switches 


ent 

gang M 

Minne 

Chicag pring St Freepe tact lita | 
) lexa Instrumet 

(1-12) Enclosed Industrial Switches & ( Div. 72 |} 

Describ metal enclose n Ma 
ity switches for 


trial environments. Micro Switch 1 (1-24) Cartridge Heater 


) ] = | nN 
Minneapolis-Honeywell — Regulat Graph and cxplanat 
Chicago at Spring Sts, Freepor right heater. Leng 
is Maximum wattag« 
Dialight Cor tewar sr ly (I-13) Airborne Switches—C g )] lects Mfg ¢ ]3 


I-4) Pilot Lights—Hand 
D 


NY Describes plastic and metal 


wit 


h suitable for airborn equipment 
f Minneapolis-Hone 25) Electric Heaters—C 


Chicago at Spring 


(1-5) Printed Circuit Laminate—Br 
lifterent 1 hod 
lifferen inlen 

C+ 

(I-14) Lighted Indicator Switches—Cata , ( method Wat 

los Dp] Shows lighted 1 or ) fo ( 13 rg n A 

butte switche ind 

modular installation ict , (1-26) Potentiometers—Catalos 


of Minneapolis Regi 


limers—|! 
Spring St Fr eport 


ng 
Havdon ny miniature and 
235 E Elm I rt (1-15) Mercury Switches og, 12 py lectroni sociate In 


Provides data on ac and dec types in omerville, Mas 
ize, general use, protected and low ang 


, Rotary Selector Switches—( designs. Micro Switch, Div of Minneapoli (1-27) Switches and Relays—Catalog 


fications and din 


' be] Honeywell Regulator Co, Chicago Ms perating characteristi 

to a Spring Sts, Freeport, Il from machine tool size to subminiatur 
1 environmental proof typ Relavs have 10 to 
111 Winona, Burbank ] (1-16) Switches—Catalog + pp hov D Robertshaw-Fulton Control 
representative industrial ommerci mn 2040 E Main St, Columbus, Ohio 
electroni Ss swit hes Micro-Swit 


=] . . . } » < 
Minneapolis-Honeywell Regulator C (I-28) Mercury Relays—Catalog 


(1-8) Hermetic Terminal Assemblies 


rovides complet 


ite al 1 6 Chicago at Spring Sts, Freeport I] Presents 7 principles “2 ng 

i sion « mensions, sel on factors. Includes tim 
Includes high vol nd (1-17) Insulating Tape—Bulletin, 4 pp delay and quick acting types. The Adam 

high current ty] Lundey Associa Provides specifications of silicone rubber & Westlake Co, 1025 N Michigan St, I 

694 Main St. Waltham, Ma self-adhering tape Moxn Product hart. Ind 


Inc, 1914 Indiana Ave, Racine, W ; 
(1-9) Enclosed Airborne Switches—Cat (1-29) Porcclain—Bulletin, 4 pp. Di 


istics, outlin 


(1-18) Relays and Solenoids—Catalog, 28 properties of porcelain that make 


pp. Gives dimensions, electrical and operat rood insulator and the uses to whi 
ing characteristi Relays and solenoid porcelain may be put. Also outlines manu 
ications I \ I designed as components for control and facturing facilities of company. ‘The Ak 
s-Honeywel zu r Co, electronics equipment Joseph Pollak ron Porcelain Co, 2792 Cory Ave, Akron 
pring Sts re Corp, 85 Freeport St, Boston 22 14. Ohio 
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(I-30) Relays—Catalog, 42 pp. Shows di- 
mensions, operating data, some circuits for 
miniature, subminiature, telephone, general 
purpose, power sensitive and special relays 
Allied Control Co, Inc, 2 East End Ave, 
NYC 21 

(I-31) Switches and Terminals—Catalog, 
Shows drawings for 
single and multiple types for electrical 
appliances. Ark-Les Switch Corp, 51 
Water St, Watertown, Mass 


dimensional 


24 pp 


(I-32) Contact Meter-relays—Catalog, 28 
pp. Describes operation in controls sys 
Includes dimensions, electrical char- 
circuits. Assembly Products, 


Mills Rd, Chesterland, 


tems 
acteristics, 
Inc, 75 Wilson 


Ohio 


(1-33) Donut Transformers—Bulletin, 4 
pp. Lists dimensions and ratings of current 
transformers from 2:1 to 
1000:1, burden ratings from 2.5 to 12.5 
kv. Associated Research Inc, 3789 W Bel- 


mont Ave, Chicago 18 


with _ ratios 


(I-34) Capacitors—Catalog, 88 pp. Provides 
specifications for the 
metallized 


dimensions and 
following types: electrolytic, 
mylar, metallized paper, mylar, 
Astron Corp, 255 Grant Ave, E 


NJ 


paper 
Newark, 


(I-35) Potentiometers—Bulletins, 8 pp 


Presents drawings and specifications of 
wire-wound, lead- 


7648 


miniature, subminature 
tohm Electronics 


Sun Valley, Cal 


screw trimmers 


San Fernando Rd 


(I-36) Tube Shields—Catalog, 26 pp. Pro 
vides dimensions, specifications for clips, 
cradles, crystal and relay sockets, heat 
dissipating tube shields. Augat Bros, Inc, 


33 Perry Ave, Attleboro, Mass 


(I-37) Electronics Clamps—Catalog, 68 pp 
Provides dimensioned drawings of clamps 
for tubes, relays, capacitors, other com- 
Augat Bros, Inc., 33 Perry Ave, 
Mass 


ponents 
Attleboro, 


(1-38) Relay Sockets—Catalog, 8 pp. Shows 
assemblies for micro 
miniature relays. Augat Bros, Inc, 33 Perry 


Ave, Attleboro, Mass 


socket and clip 


(I-39) Meters—Catalog, 18 pp. Con- 
tains specifications and dimensions for ac 
and dec voltmeters, frequency meters, ac 
Helipot 


2500 Ful 


meters and monitoring packages 
Div, Beckman Instruments, Inc, 
lerton Rd, Fullerton, Cal 


(I-40) Transistorized Amplifier—Bulletin, 6 
pp. Provides specifications, block diagram 


and examples of uses in data processing 
S 


Systems Div, 32 


Anaheim, Cal 


equipment. Beckman, 
N Muller Ave, 


(I-41) Potentiometers—Catalog, 18 pp. 
Provides specifications, dimensioned draw- 
ings of single-turn, multi-turn, trimming 
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types and others. Helipot Div, Beckman 
Instruments, Inc, 2500 Fullerton Rd, Ful- 
lerton, Cal 


(I-42) Electron Tubes—Catalog, 60 pp 
Provides electrical and mechanical char- 
acteristics and drawings of microwave, 
receiving and gas tubes. Bendix Aviation 
Corp, Red Bank Div, Rte 35, Eatontown, 
NJ 

(I-43) Semiconductor Products—Catalog, 
32 pp. Provides technical data sheets, di- 
mensions and curves for germanium power 
transistors and silicon power rectifiers. Ben 
dix Semiconductor Westwood 
Ave, Long Branch, NJ 


Products, 


(I-44) Instruments—Bulletin, 12 pp. De- 
scribes common electrical test meters plus 
cable fault locating equipment and other 
motor and power test instruments Also 
tachometers, frequency meters. James G 


Biddle Co, 1316 Arch St, Philadelphia 


/ 


(I-45 Potentiometers—Brochure, 4 pp 
Provides specifications table for miniature 
wirewound and carbon leadscrew potenti 
ometers. Bourns, Inc, Trimpot Div, 6135 
Magnolia Ave, Riverside, Cal 


(I-46) Rectifiers—Brochure, 4 pp. Pro 
vides electrical characteristics of selenium, 
copper oxide and silicon rectifiers. Bradley 
Semiconductor Corp, 275 Welton St, New 
Haven, Conn. 


(1-47) High 
hure, 4 pp 
on wire made to withstand temperatures 
to 200C William Brand-Rex Div, 
American Enka Corp, 31 Sudbury Rd, 
Concord, Mass 


Temperature Wire—Bro- 
Provides performance data 


(1-48) Miniature Coaxial Cables—Bro 
chure, 4 pp. Gives data table 
teflon insulated cable with braided glass 
jackets 
mercial and military specifications 
William Brand-Rex Div, American Enka 
Corp, 31 Sudbury Rd, Concord, Mass 


covering 


or plastic conforming to com 


(I-49) Dry Batteries—Catalog, 6 pp. Gives 
size, weight, voltage of batteries for radio, 
electronics, industry, other applications 
Burgess Battery Co, Division of Servel, 
Inc, Freeport, III 


5 


(I-50) Insulation Tubing—Catalog, 22 pp 
Contains properties and specifications for 
plastic and tubing, heat treated 
glass sleeving and identification markers 
William Brand-Rex Div, American Enka 
Corp, 31 Sudbury Rd, Concord, Mass 


coated 


(I-51) Contact Strips and Rings—Bulletin, 
6 pp. Gives dimensions and drawings of 
beryllium copper electron tube contact 
rings and high frequency equipment 
strips. H Braun Tool & Instrument Co, 
Inc, 140 Fifth Ave, Hawthorne, NJ. 


(I-52) Miniature Lamp Bulbs—Catalog, 22 
pp. Furnishes nomenclature and tables of 
characteristics. Chicago Miniature Lamp 
Works, 1500 N Ogden Ave, 


Chicago 


(1-53) Nickel-cadmium Batteries—Catalog, 
4 pp. Provides capacity, voltage, other elec- 
trical and physical properties of sealed, re- 
chargeable batteries. Burgess Battery Co, 
Div of Servel, Inc, Freeport, Ili 


(I-54) Connectors—Catalog, 49 pp. De- 
scribes electrical and electronic connectors 
Includes plating 

Burndy Corp, 
Ave, Norwalk, 


with removable contacts 

data and a selection chart 
Omaton Div, Richards 
Conn 


(I-55) Ceramic Parts—Bulletin, 2 pp. De- 


scribes ceramic components, ceramic to 
metal composites, metallized ceramics, glass 
to metal composites and special microwave 
attenuating materials. CFI Corp, Cottage 
Pl, Mineola, NY 
(1-56) Electronic Components—Catalog, 
Describes hardware 


patch 


91 pp 


capacitors, 


coils, terminals, panels, memory 


frames, other similar Cambridge 


Thermionic Corp, 445 Concord Ave, Cam- 


parts 


bridge, Mass 


(I-57) Connector Plugs—Catalog, 8 pp 

Provides assembly instructions, dimensions 

for modular design plugs using crimped 
£ pug 

contacts. Cannon Electric Co, 3208 Hum- 


boldt St, Los Angeles 31 


(I-58) Switches—Catalog, 11 pp. Presents 
dimensions and specifications for a wide 
variety of switches rated up to 30 amps @ 
250 v or 2 hp. Carling Electric Co, 505 


New Park Ave, W Hartford 10, Conn 


(I-59) Rotary Power Supplies—Catalog 8 
pp. Describes equipment such as de to ac 
converters, frequency changers and others 
for operating electrical gear from nonstand 
ard or mobile power sources Carter Motor 


Co, 2773 W George St, Chicago 18 


(1-60) Electronic 
44 pp 
sistors, switches and packaged circuits. Cen 
tralab, The Electronics Div of Globe-Un- 
ion, Inc, 900 E Keefe Ave, Milwaukee 1 


Components—Catalog, 


Describes capacitors, variable re- 


Parts— 


properties of 


(1-61) Ceramic 
Shows 


Brochure, 16 pp 
materials, standard 
Explains 
production methods. Centralab, The E] 
tronics Div of Globe-Union, Inc 


Keefe Ave, Milwaukee 1 


shapes, design considerations 


(1-62) Electronic Switches—Catalog, 36 pp 
Contains dimensional drawings, specifica 
tions of standard and miniature phenolic 
and ceramic lever action return 
switches. Centralab, 
of Globe-Union, Inc, 900 


Milwaukee 1. 


spring 
The Electronics Div 
Keefe Ave, 


continued 
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New contact reliability. Parallel bifur 
cated contacts, which allow four cur 
nstead of one, provide 
eater circuit reliability 
gned so any current patt 
ay rating 


cena | \—e 


/ 
A 


j 
j "G —n 


At last! “‘Mechanical memory” latch 
as reliable as the relay itself! No ad 
justment ever needed. Add latch at 
any time. 






New simplified design! Cutaway view 
shows basic simplicity. Coil vacuum 
mpregnated to resist damage from 
humidity, vibration, electrical stress 
Terminals can be screw or spade type. 
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Space savingest relay 
you ve ever seen: New 
Cutler-Hammer Compact 300° 


Versatile 300 V. control relay is so reliable it’s permanently sealed! 


Here is the best answer yet to the need for 
an extremely reliable, small-size 300 V, 
6 amp., industrial relay — the new “Com- 
pact 300” from Cutler-Hammer. 

Every detail known that affects relay 
reliability has been improved in the ‘‘Com- 
pact 300.” Bifurcated contacts which make 
possible four current paths rather than one, 
add millions of operations to the ““Compact 
300’s”’ electrical reliability. 

In fact, we’re so confident of its electro- 
mechanical reliability, we permanently en- 
close the ““Compact 300.”’ And, if it should 
be damaged by a fault current, you throw it 
away and replace it with a new one. Its low 
price makes this an economical, practical 
maintenance procedure. 

Now think of the space you can save 
with the “Compact 300.”’ It controls up to 


WHAT'S NEW? ASK.. 


eight circuits in panel space only 2” wide 
by 234” high. 2, 3, 4, 6 and 8 poles with any 
combination of N.O. or N.C. contacts are 
available, of course. 


At any time, you can add “mechanical 
memory”’ latch with a life equal to the life 
of the relay. No adjustments are ever 
necessary. Contact your Cutler-Hammer 
distributor for details on the “Compact 
300” or send for Pub. ED-L079-S206. 


What's new at Cutler-Hammer? 
New, better products, like the 300 V. relay 
are coming steadily from our new, expanded 
plant facilities. We’re ready now to help 
you take care of the great industrial growth 
of the future. If you are planning ahead 
and need electrical control assistance, con- 
tact the nearest Cutler-Hammer sales office. 


CUTLER-HAMMER 


Cutler-Hammer 
Hammer International, Cc. A. 
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USERS 
L RELAY 4 
\ TO ALt 


Let us have your toughest relay problems. Re- 
member, designing, engineering and manu- 
facturing relays is our sole business. Shown 
here are just a few of the broad line of P&B 
quality relays . . . the relays preferred by 
most engineers. 


FREE CATALOG upon request. Write today. 
See Potter & Brumfield relays in SWEET’S PRODUCT DESIGN FILE. 


POTTER & BRUMFIELD 


DIVISION OF AMERICAN MACHINE & FOUNDRY COMPANY- PRINCETON, INDIANA 
450 CIRCLE 450 ON READER SERVICE CARD CIRCLE 451 ON READER SERVICE CARD—>- 





ELECTRICAL AND ELECTRONIC COMPONENTS a 
Vital to your design orbit! 


SC 


PRECISION-DRAWN 


| CLOSURES 


\ 
‘ 
— a 


% 


The HUDSON line provides complete 


Precision Standard Tooling makes the Difference 
versatility for the designer/engineer. The industry’s widest range of round, square 
and rectangular closures supplied with dozens of modifications to meet unusual 
applications. Standardized designs assure fast delivery and precision qualit 

every time! All finishes available on components of mu metal, nickel-silver, 


aluminum, brass, copper, stainless steel and steel. Call or write for quotations. 





Available 
| faster than 


FAST! 


—— 
' Ask for the 
' . HUDSON 
, CATALOG 
\ ntains 
ie. mplete dat 





n HUDSON 


sndard 


nake request 
mpany 


letterhead 


= 


Hudson Tool & Die Company - Inc 
18-38 Malvern Street, Newark 5, New Jersey 


ts for Electronics, Nucleonics, Avionics and Rocketry 


Precision Metal Componen 


Telephone: MArket 4-1802 
Teletype: NK 1066 
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Call your CHROMALOX Man for the heating answers 


Cartridge 
Heaters 


These 3 basic CHROMALOX heaters 


provide answers to just 
about any heating problem 


Strip Heaters .. . that quickly and 
easily bolt or clamp to platens, dies, 
kettles, tanks, pipes, rolls, drums, 
ovens and air ducts. Lengths from 
4 to 96 inches, widths from % to 2% 
inches, with cross section curving or 
lengthwise bending. Available with 
brazed-on fins, 


Tubular Heaters... that clamp 
on, fit into machined grooves, cast 
into metals, immerse in liquids, in- 
stall in ovens and ducts. Straight 
lengths or factory-formed to nearly 
any contour. Lengths from 6 inches 
to 30 feet. Triangular or round cross 
section. Available with brazed-on fins. 


Cartridge Heaters ... that 
smoothly fit standard drilled holes 
in dies, platens, molds, extrusion and 
injection barrels. Special leads avail- 
able for protection against flexing 
action, abrasion, moisture or vapors. 
Diameters from % to 1'% inches, 
lengths from 1% to 25% inches. 


452 CIRCLE 452 ON READER SERVICE CARD 


Versatile Chromalox electric heat- 
ers are available in sheath materi- 
als and wattages to match almost 
any application to 1100°F. Easy 
to install, they are fast, clean, 
safe and economical. 

Your Chromalox Man can help 
you determine the one that best 
answers your specific problem. 
He’s backed by the world’s largest 
factory stock of industrial heat- 
ers, ready for immediate ship- 
ment. Why not give him a call. 
You’ll find his phone number listed 
at the right. 


Our new Catalog 60 provides de- 
tailed product information and sug- 
gests numerous applications for 
the complete line of Chromalox 
electric heaters for industry. If you 
have not yet received a copy, please 
let us know. 1801 


Albany, N.Y. 
Hobort 3-0626 
Atlanta, Go. 
Trinity 5-7244 
Bale-Cynwyd, Pa. 
Mohowk 4-6113 
Baltimore, Md. 
Hopkins 7-3280 
Bloomfield, N.J. 
Edison 8-6900 
Boston, Mass. 
Liberty 2-1941 
Buffalo, N.Y. 
Summer 4000 
Charlotte, N.C. 
Edison 4-4244 
Franklin 5-1044 


Chattanooga, Tenn. 


Amherst 5-3862 
Chicago, Ill. 
Harrison 7-5464 
Cincinnati, Ohio 
Trinity 1-0605 
Clearwater, Fla. 
Phone 3-7706 
Cleveland, Ohio 
Prospect 1-7112 
Columbus, Ohio 
Amherst 7-8260 
Daties, Texas 
Riverside 8-9004 
Davenport, lowa 
Phone 6-5233 
Denver, Colo. 
Glendale 5-3651 
Genesee 3-082! 
Des Moines, lowa 
Cherry 3-1203 
Detroit, Mich. 


(See Southfield, Mich.) 


Sales- Engineering Representatives 


Houston, Texas 
Capitol 5-0356 
Indianapolis, Ind 
Melrose 5-5313 
Kenses City, Mo. 
Victor 2-3306 
Les Angeles, Calif 
Richmond 7-519! 
Middletown, Conn. 
Diomond 6-9606 
Milwavkee, Wis 
Broodwoy 1-302! 
Minneapolis, Minn. 
Federal 6-663! 
Neshville, Tenn. 
Cypress 2-7016 
New York City, N.Y. 
Worth 4-2990 
Omeha, Neb. 
Atlantic 7600 
Philadelphia, Pa. 
Greenwood 3-4477 
Pittsburgh, Pa. 
Emerson 11-2900 
Portland, Ore 
Capitol 3-4197 
Richmond, Va 
Atlantic 8-8758 
Rochester, N.Y 
Hamilton 6-2070 
St. Lowis, Mo. 
Chestnut 1-2433 
Sen Francisco, Calif. 
Underhill 1-3527 
Seattle, Wash. 
Moin 4-7297 
Southfield, Mich. 
Kenwood 8-2100 
Elgin 7-0677 
Syracuse, N.Y 
Gronite 4-3933 
Wichita, Kan. 
Amherst 2-5647 


CHROMALOX 


iA 


oO Letliut. Hreat 


EDWIN L. WIEGAND COMPANY 


7500 THOMAS BLVD... PITTSBURGH 6. PA 
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STENMCO THERMOSTATS 


for precise, sensitive temperature control a 


STEVENS manufacturing company, ine 


P.O. Box 1007, Mansfield, Ohio 


STENCO 


THERMOSTATS 









%, 2, TYPE Ct semi-enclosed (1), hermetically 
sealed (2). Small positive acting with electrically 
independent bimetal strip for operation from 
10° to 300°F. Rated at approximately 3 amps, 
depending on application. Hermetically sealed 
type can be furnished aos double thermostat 
“alarm” type. Various terminals and mountings. 
Bulletin 5000. 





3, 4, TYPE M*t semi-enclosed (3), hermetically 
sealed (4). Snap acting bimetal disc type for 
appliance and electronic applications from 
=—20° to 300°F. Rated: 3 to 10 amps at 115 
VAC and 28 VAC/DC. Available with a variety 
of mounting brackets, type of terminals and/or 
wire leads. Bulletin 6000. 


5, 6, TYPE MX semi-enclosed (5), hermetically 
sealed (6). Snap acting miniature units to open 
on temperature rise for missile, avionic, elec- 
tronic and similar uses. Temperature 10° to 
260°F, 2° to 6°F differential. Depending on 
duty cycle, rated: 1 to 3 amps, 115 VAC and 
28 VAC/DC. Also available in ceramic bases 
and hermetically sealed HC-6/U cans, with 
various mounting brackets. Bulletin 6100. 


7, 8, TYPE S* t adjustable (7), non-adjustable (8). 
Positive acting with single stud or nozzle mount- 
ing. Operation to 600°F. Rated at 15 amps at 
115 VAC, 7 amps at 230 VAC. Spade, screw 
or formed terminals, various adjusting stems, 


etc. Bulletin 1000. 


9, TYPE SA*t adjustable (9), or non-adjustable. 
Snop acting with electrically independent bi- 
metol. Also single-pole, double throw. Single 
stud or nozzle mounting. Rated at 1650 watts 
ot 115-230 VAC only. Spade or screw termi- 
nals. Bulletin 2000. 


10, TYPE SM* t manvol reset. Electrically same 
os Type SA (above) except for manval reset 
feature. Bulletin 2000. 


11, TYPE B adjustable (11) or non-adjustable. 
For uses where heat generated by passage of 
current through bimetoal strip is desirable. Vari- 
ous terminals, single stud or nozzle mounting. 
Operation to 400°F. Average rating 52 amps, 
115 VAC. Bulletin 9000. 


12, 13, 14 TYPE A*T semi-enclosed (12, 13), 
hermetically sealed (14). Insulated, electrically 
independent bimetal disc gives fast response 
and quick, snop action control for appliance 
and electronic applications from -20° to 300°F 
Lower or higher temperatures special. Depend- 
ing on duty, rated: 4 to 13.3 amperes, 115 VAC 
ond 28 VAC /DC. Various terminals and mount- 
ing brackets available. Bulletin 3000. 


15, TYPE R* + sealed adjustable (15), sealed non- 
adjustable. Positive acting for operation to 
€00°F. Rated at 15 amps ct 115 VAC, 4 onge 
at 230 VAC. Screw terminals. Bulletin 70 


16, TYPE W* f adjustable (16), or non-adjustable. 
Snap action bimetal strip type for operation to 
300°F. Depending on duty, rated: 5 to 10 
omps, 115 or 230 VAC. Screw or nozzle mount- 
ings; spade or screw terminals. Bulletin 40 


17, TYPE Ht adjustable. Positive acting for fry 
pons, skillets, sovce pons, etc. Fail-safe, open 
in low to 500°F in high. Rated at 1650 watts 
et 115 VAC. Bulletin 10,000. 


18, TYPE D* automatic (18), or manval reset. 
For laundry dryers or other surface and worm 
cir applications. Snap acting disc type for 
operation to 350°F,. Open or enclosed. Rated 
25 to 40 amps at 120-240 VAC. Screw or 
spade terminals. Bulletin 8000. 


Ilustrations, for general information only, do 
not necessarily show size comparisons. Fully 
dimensioned and certified prints on request. 
Manufacturer reserves right to alter specifica- 
tions without notice. 







*Reler to Guide 400 £0 for UL or CSA approved ratings. 
TThese thermostats covered by patents issued or applied fer, 
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PRODUCT DIGEST. 
from U.S. RADIUM 


EDGE-LIGHTED PANELS 


Special-purpose panels and dials accurate to MIL spec are 
available from United States Radium Corporation. Standard 
edge-lighted and integral edge-lighted products by Lackon® 
provide optimum legibility and contrast, with high resistance to 
humidity, surface abrasion. 

Circle 601 on Reader Service Card 


DIALS, PANELS AND NAMEPLATES 


Metal dials and panels include a greater variety of finishes, colors 
and processes than ever before 





3 U.S. RADIUM 7 


ee eal 


New lithographed nameplates and panels featuring special hard, 
abrasion-resistant finish are available with or without adhesive 
backing in various thicknesses. 


sPewvverwrwe Or ere 


Circle 602 on Reader Service Card. 


CATHODE-RAY TUBE PHOSPHORS 


USR offers a variety of phosphors for TV and industrial cathode-ray tube 


applications. Circle 603 on Reader Service Card 


RADIATION SOURCES FOR ELECTRON TUBE IONIZATION 


gFr 
~~ 2S 


Specially-fabricated isotope sources—Ni® plated elec- 
& 


trodes and radium foil—are now being produced as ion- 


ization sources for electron tubes. 


oe 
' _ 


oo 


RADIATION SOURCES 


ISOLITE LIGHT SOURCES 


New 360° light source and high-brightness one-way lamps use 
luminescent bulbs energized by Kr®5 gas. Units visible at 500-2000 ft., 
depending on model, size, color; service life to 10 years. New Isolite 
markers, signs and placards now available. 


Circle 605 on Reader Service Card. 


Sealed beta, gamma and neutron sources for 
research, gauging, radiography and related 
applications are available with varying in- 
tensities and energies. Circle 606, 
607, 608 on Reader Service Card. 


UNITED STATES RADIUM CORPORATION 


Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 
Port Credit, Ont., Canada and U. S. Radium Corp. (Europe), Geneva, Switzerland. 


MORRISTOWN, WN. J. 


catalogs and bulletins .. .continuec 


(1-63) Wire and Cable—Brochure, 8 
sizes and rates of silicone rubber in 
ible and heating 
& Cable Co, Div of 
Pasco Corp, Nicoll & Camnner 


Haven, Conn 


(1-64) Insulation—Brochur 
tensile and diclectric strengtl 


site laminatec 


(1-65) Switches and Counters—Data 


D) es binary and digi 


(1-66) Wire and Cable—Brochur 

Pr t D iications for military hook 

\ ne rubber insulated wir 

axial ca military aircraft wire and 
nductor cable, and appliance 

i Brand-Rex Div, American 


Sudbury Rd, Concord, Mas 


(1-67) De Power Supplies Bulletin 
[ nits with up to 1500 amy 
icon rectihet Chri 
)W 67 St, Los Ange 
(1-68) Electronics Components—Catalog 
Describes wire wound and 
lement potentiometer 
rheostats, decade box 


Mfe ¢ Inc, Dover, NH 


(1-69) Diodes and Transistors—Fourtcen 
| , 21 pp. Provid dimensio 


drawing haracteristics sample ircuit 
germanium and silicon diodes; germanium 
r transistors. Clevite 


241 Crescent St, Waltham, Mass 


l'ransistor Prod 


(I-70) Passenger Car Electrical Products 
Catalog, 64 pp. Contains descriptions of 
vitche onnectors, pilot and dash lamp 
ial rcuit breakers, plugs and 
ets, wiring accessories. Cole-Hersee Co, 18 

Old Colony Ave, Boston, Mass 


(I-71) Film Capacitors—Brochure, 4 pp 
Gives dimensions and ratings of capacitor 
for close tolerance and stability require 
ment Component Research Co, In 
3019 S Orange Dr, Los Angeles 16 


(1-72) Magnetic Memory Drum— Brox 
features 
) bit drum. Consolidated ¢ 


Bethel, Conn 


+ pp. Describes and application 


of 15,00 
trols Cor] 


(1-73) Electronic Connectors—Catalog 


pp. Provides mechanical and electrical 
ratings, dimensions for multicontact con 
nectors used in communications equip 
Continental 


W oodside 


ment, computers, aircraft 
Connector Corp, 34-63 56 St 


77, NY 
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A real heel might test a Fusite Terminal like this 


..- but he won’t make it leak! 


The adherence between glass and metal in a Fusite Hermetic 

Terminal is an easily demonstrated fact. There are several 

theories as to why our exclusive V-24M glass actually chemically 

bonds to the metal components. Cobalt and certain other 

metallic oxides in the glass oxidize the iron in the metal which 

is taken into solution. It is believed that through the solution 

of iron, a gradual decrease of the difference of thermal expansion 

between the glass and metal takes place at the glass-metal 
interface. This inter-fusion of the two dissimilar materials gives 
Fusite Terminals their ability to withstand great mechanical and 
thermal shock and still pass Statiflux tests for glass cracks, hydro- 
static pressure tests and helium mass spectrometer leak detection. 


This fusion is reinforced by a strong compression of the metal ring 
around the glass made possible by a favorable thermal expansion 
balance of the glass, pins and housing. 


The combination of fusion and compression provides a terminal so 
rugged that leaker rejection rate of components into which our 
terminal is fabricated is practically nil, even when roughly handled 
and subjected to extreme temperature changes. 


Samples for your own testing are yours for the asking. 
Write Dept. I-l 


2 TERMINALS 4 THE FUSITE CORPORATION | 


A PERFORMANCE a 6000 FERNVIEW AVE., CINCINNATI 13, OHIO 


4 \* 
faut’ Woodford Mfg. Co., Versailles, Kentucky. 
In Europe: FUSITE N, V. Konigsweg 16, Almelo, Holland 


Wier vee an wi lala a ts 
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ee ELECTRICAL AND ELECTRONIC COMPONENTS 


RELAYS 


SWITCHES 


AUTOMATIC ELECTRIC 


_ 


CLASS B 


Pia SAG Mt 


When extremely long service and reliable operation are demanded, 
this relay meets the requirements. Life often exceeds 400 million 
operations. Idec! for computers, fire control, pulsing or switching 


functions. 


0.002-0.030 
0.040-0.120 
0.004-0.035 
0.020-0.055 
0.010-0.025 
0.010-0.030 


0.005-0.050 
0.025-0.350 
0.035-0.600 
0.035-0.600 
0.008-0.020 
0.015-0.050 





CLASS E 


A new telephone-type relay, designed for long-life industrial ESR 
service. Based on the rugged Class B design, this is a universal ESA 
relay, engineered for a variety of uses demanding compact size EFA 
coupled with our usual high standard of reliability. EMS. 


0.002-0.030 
0.015-0,050 
0.005-0.030 
0.01 5-0.030 
0.005-0.025 
0.010-0.030 


0.005-0.025 
0.025-0.125 
0.025-0.125 
0.050-0.125 
0.005-0.025 
0.01 5-0.030 





CLASS A 


AQA 
ASO 


This original telephone-type relay will hold down costs, yet provide ASR 
dependable operation and long life. A wide variety of coils, con- ASA 


tacts, contact spring arrangements and mounting facilities makes this 


AWS 


truly the “all-purpose” relay. AVR 


AMC 


0.002-0.025 
0.040-0.120 
0.004-0.025 
0.010-0.050 
TtUp to 2 
0.002-0.025 
0.210-0.280 


0.005-0.025 
0.020-0.250 
0.020-0.350 
0.020-0.350 
0.005-0.025 
tT] to 15 
0.300-0.345 





CLASS C 


CQA 


This compact relay combines unusual dependability and surprisingly 
long service life in a space about half of the size of the average CSA 
relay of equal rating. Can be used for high-speed or delayed 


operation. 


CMS 


0.005-0.035 
0.010-0,.040 


0.010-0.035 


0.005-0.025 
0.01 5-0.200 


0.010-0.050 





CLASS S$ 


SQA 


Specify this relay for aircraft use, where a small, light relay is sQD 


required, resistant to shock and vibration. It features fast pulse 
response because of its small moss and slight self-inductance. 
Series SQPC available for printed circuits. 


sQPpc 
S-Power 


0.002-0.016 
0.002-0.030 
0.002-0.030 


0.005-0.016 


0.005-0.085 
0.005-0.085 
0.005-0.085 


0.005-0.010 





CLASS Z 


ZQA 
zZSO 
ZSR 


Choose Class Z relays where a small, light relay is needed but ZSA 
long life or time delay is of greater importance thon extremely ZMS 
small size. Similar to Class A relay, but smaller and less sensitive. ZFA 


Type 18 
Aircraft) 


0.002-0.025 
0.010-0.050 
0.003-0.010 
0.010-0.040 
0.010-0.040 
0.010-0.025 
0.002-0.025 


0.005-0.025 
0.050-0.150 
0.050-0.200 
0.050-0.200 
0.005-0.200 
0.008-0.020 
0.005-0.025 





CLASS F 


FQA 
BFA 


An a.c. relay, for use when the number of relays doesn't justify a EFA 
rectifier, and when operate and release time delays ore not a FMS 
factor. When operate and release timing is required, an inexpen- FMC 
sive rectifier can be used with any of the above d.c. relays. IFA 


0.002-0.025 
0.010-0.025 
0.005-0.025 
0.002-0.020 
0.298-0.333 
0.010-0.025 


0.005-0.040 
0.008-0.020 
0.005-0.025 
0.002-0.020 
0.290-0.350 
0.008-0.020 





POLARIZED 


PLD 


0.003-0.010 


0.022-0.047 


Series PHD and PLD offer "2-position” or "3-position” operation; PHD 
Series PTW provides “2-position” only. “2-position” relays “stick” PTW **t* 
operated until current is reversed; "3-position” have neutral position 

in absence of current. 


0.006-0.027 
0.007 
Minimum 


0.065-0.075 
0.0002 Approx. 
Travel Time 





SPECIAL PURPOSE—We can usually make assemblies of Auto- 
matic Electric relays with modifications to suit your special applica- 
tions. The Class E Video relay, illustrated here, is an example. 
Others are designed for power applications, electro-mechanical 
interlocking, marginal operation, mechanical locking, micrometer 
adjusting, and the simultaneous closing of up to 35 circuits (BAR 


A\ 

\ 

\\\3 (4 
\\ 


5 


relay). 


The Type 44 is a small switch with a large, 
flexibie capacity. Use this switch in almost 
any d.c. application—for impulse con- 
trolled response or self-interrupted oper- 
ation. Though it's only slightly larger than 
a pack of king-size cigarettes, the Type 
44 rotary stepping switch accommodates 
up to six 10-point bank levels. 


456 





ne * 


“TYPE 45 
In every feature of its design, the Type 45 


rotary stepping switch provides for 
adaptation to varied requirements, in- 
cluding a.c. operation. The one-piece, 
open-type flat frame occupies only one 
side of this switch, so the 25-point contact 
banks can be built up level by level as 
needed, up to twelve. 





SERIES OCS RELAY 


Here's a shock-resistant relay which can 
be used for cam-switching...for alternate 
on-off operations...or as a “stepper.” 
When you order Automatic Electric's OCS 
relay, you specify the programming. This 
compact unit simplifies engineering and 
wiring — cuts space, weight and mainte- 
nance costs, 
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RELAYS 


somes Se ltt Shen Somes me MAGE | 


250 de 
135 de 
135 de 
250 de 
230 ac 
250 de 


ELECTRICAL AND ELECTRONIC COMPONENTS ee 
SWITCHES 


AUTOMATIC ELECTRIC 


Code 0—18 ga. 
Twin 


Snap-action 


4-3/32x2-5/16x1 
4-3/32x2-5/16x1 
4-3/32x1-7/8x1 
4-3/32x1-7/8x1 
4-3/32x2-5/16x1 
4-3/32x2-17/32x1-23/32 





220 de 
115 de 
115 de 
220 de 
220 ac 
220 de 


Code 0—18 ga. 
Twin 


Snap-action 


2-1/4x1-23/32x1-1/8 


2-1 /4x1-23/32x2-3/16 





250 de 
135 de 
135 de 
250 de 
250 de 
250 de 
250 de 


Code 4—18 ga. 


Mercury 


4-3/32x2-3/16x1-7/16 
4-3/32x2-3/16x1-7/16 
4-3/32x2x1-7/16 
4-3/32x2x1-7/16 
4-3/32x2-3/4x1-7/16 
4-1/4x2x1 
4-3/4x3-1/16x3 





CSA 
CMS 


150 de 
150 de 


150 de 


12 Spgs. 
12 Spgs. 
1 Form C 


Code O—18 ga. 
Twin 


Code O—18 ga. 
Twin 
Snap-action 


6-oz. 


4-1/32x2-3/16x21/32 
4-1 /32x2-3/16x21/32 
3-13/16x2-7/16x1 





SQA 
S$Q@D 
SQPc 


S-Power 


T115 de 
T115 de 
T115 de 


135 de 


9 Spgs. 
18 Spgs. 
18 Spgs. 

1 Make 


Code 0—20 ga. 
Twin 


Silver-Tungsten 


2-02. 
2- 3 oz. 
2- 3 oz. 


12 oz. 


1-17/32x2x11/16 
1-17/32x2x1 
1-17/32x2x1 


1-1/2x1-1/2x1-1/4 





ZQA 
ZSO 

ZSR 

ZSA 
ZMS 

ZFA 
Type 18 
(Aircraft) 


135 de 
115 de 
115 de 
135 de 
135 de 
115 ac 
135 de 


13 Spgs. 
13 Spgs. 
*6 Spgs. 
*6 Spgs. 
***2 Form C 
13 Spgs. 
13 Spgs. 


Code 4—18 ga. 


Snap-action 
Code 4—18 ga. 
Code 4—18 ga. 


4- 602. 
4- 602. 
4- 602. 
4- 602. 
8-10 oz. 
4- 6 oz. 
4- 602. 


2-1/2x2-3/4x1-1/2 
2-1/2x2-3/4x1-1/2 
2-1/2x2-3/4x1-1/2 
2-1/2x2-3/4x1-1/2 
2-1/2x2-5/8x2-1/4 
2-1/2x2-3/4x1-5/16 
2-1/2x2-1/4x1-1/4 





FQA 
BFA 
EFA 
FMS 
FMC 
ZFA 


To 230 (16-66 cycles) 
To 230 (20-60 cycles) 
To 220 ac 
To 240 (16-66 cycles) 
To 240 (16-66 cycles) 
To 115 (20-60 cycles) 


12 Spgs. 
24 Spgs. 
12 Spgs. 
2 Form C 


2 
13 Spgs. 


Code 4—18 ga. 
Code 0—18 ga. 
Code 0—18 ga. 
Snap-action 
Merc.-Glaoss 
Code 4—18 ga. 


9-13 oz. 
8-14 oz. 
2- 3 oz. 
10-14 oz. 
14-18 oz. 
4- 6 oz. 


4x1-15/16x1-1/4 
4-3/32x2-5/16x1 
2-1/4x1-23/32x1-1/8 
3-1/2x2-3/8x2-3/8 
4-5/8x2-3/4x2-3/4 
2-1 /2x2-7/8x1-11/32 





PLD 
PHD 
PTW*te? 


350 de 
350 de 


6 each side 
6 each side 
1 Form C 


Code 4—18 ga. 

Code 4—14 ga. 

Tungsten Carbide 
or Palladium 


28 oz. 
27-37 oz. 
14 oz. 


4x3-1/4x2 
4-13/16x2-3/4x3 
2-7 /8x2-1/4x3-5/16 





*More contacts can be used at a sacrifice of speed. 
**Up to 0.600 sec. release time on BSO relay with 6 springs max. 
***With 1 snap-action switch and | contact assembly (8 springs max.) 
****Octal or pin-type plug (to fit WE Co. 255 applications) available. 
tHigher wattage obtainable with oversize coils. 
tt Timing value in conjunction with a Series ASO relay. 
ttTMost relays can be furnished with special heavy-duty contacts. 


We will be happy to send additional literature on re- 
quest. You may be interested in some of the following: 





Aus “i 


Electric, pi in 
the use of telephone-type re- 
lays for industry, has the 
experience, reputation, manu- 
facturing facilities, research 
staff, and down-to-earth, 
practical “know how” to solve 
your knottiest control problem. 
We specialize in the hermetic 
sealing of relays and switches, 
as well as in the design, cir- 
cuitry and assembly of indus- 
trial control “packages” and 
systems. Our representative 
and facilities are at your coms 
mand, 





SALESMEN 
ALEXANDRIA, VA, 
BOSTON, MASS. 
DALLAS, TEX. 
DAYTON, OHIO 
DETROIT, MICH. 

KANSAS CITY, MO. 
*LOS ANGELES, CALIF, 
MINNEAPOLIS, MINN, 

"NEW YORK, N.Y. 
*NORTHLAKE, ILL, 
(Chicage suburb) 
ORLANDO, FLA. 
ROCHESTER, N.Y. 
SAN FRANCISCO, CALIF, 
UPPER DARBY, PA. 
(Philadelphia suburb) 
*District Office 


Check the Yellow Pages 
of your telephone directory to 
get in touch with our repre- 
sentative in your area. Ad- 
dress all Home Office inquiries 
to: Director, industrial Control 
ond Equipment Sales. 


AUTOMATIC ELECTRIC 


Rotary Stepping Switches...........++.++#1698-H 
Relays for Industry. ......seeeeeeeeeeeefI702-E 
Relay Termteccescccccacccccccccccsccoy tees 
Dees on. 0w00ccsncecedecneceieseeee 
AE Enclosures....seeeeeess neccece en 
Key Switches and Other Electrical 

Control Components........+++e++++++f4018-E 
Address requests to: 
Director, Industrial Control and Equipment Sales, 
Northlake, Illinois 


Subsidiary of 


GENERAL TELEPHONE & ELECTRONICS 
Distributors in U.S. and Possessions: 


AUTOMATIC ELECTRIC SALES CORPORATION 
Northiake, lilinois + Fillmore 5-7111 + Chicago Telephone: EStebrook 9-4300 


Soles Offices in Principal Cities 
in Caneda: Avtomatic Electric Sales (Canada) Export Distributor: Avtemotic Electric inter- 
ltd, 185 Bartley Drive, Toronto 16, Ontario, national, incorporated, Northioke, lilino:s. 


eee. 
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Li Bie ELECTRICAL AND ELECTRONIC COMPONENTS 


N EW Cramer miniatures for military use 
record elapsed time, - drive positioning devices 


and truly synchronous operation. Running torque .08 
inch ounce at 240 rpm rotor speed, weight approx- 
imately 2 ounces. 


TYPE 620 Elapsed Time Indicator (top) shown approx- 
imately full scale, is offered for operation on 115 volt, 
60 or 400 cycle power. Dimensionally, the version illus- 
trated meets MS-28053 and NEMA standards, and is 
front-panel mounted through a 1-19/32” diameter open- 
ing. All relevant test requirements of MIL-M-7793B and 
MIL-E-5272B are met or exceeded (to 50 G’s shock, 
2000 cycle vibration). An optional back-panel mounting 
adapts to existing panel drilling. Hermetically sealed, 
Type 620 has recessed solder lugs at rear for electrical 
connections. Total registration 9,999.99 hours, weight 
about 4 ounces. Designed primarily for military use, 
the unit will give unsurpassed service in rugged indus- 
trial applications. 


TYPE 120 Miniature AC Motor (right) is rated 115 volts, 
60 cycles. Permanent-magnet design assures fast response 


ELECTROMECHANICAL DIVISION 
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TYPE 821 Ungoverned DC Motor (bottom) for no-load 
speeds from 8,000 to 20,000 rpm. Typical 28-volt arma- 
ture develops 14,200 rpm no-load, 12,600 rpm at 0.1 
inch ounce load, with current drain about 100 ma. 
Weight under 2 ounces. Meets MIL-T-5422E. 


TYPE 890 115-Volt 400-Cycle Motor (left) is a single-phase 
hysteresis-synchronous motor. Available as basic 7%” 
motor (like Type 120 at right), or in 1-inch flange- 
mounted can illustrated, containing motor and capacitor 
network. Produces .01 inch ounce torque at 3000 rpm. 


Weight under 2 ounces. 


Write for complete information, specifications. 


CRAMER CONTROLS CORPORATION 


CENTERBROOK, CONNECTICUT 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


To simplify your design problems — 


1. Standard Seals 


3. Custom Sealing 


Patented in Canada, No. 523,390; 
in United Kingdom, No. 734,583; 


licensed in U.S. under No. 2561520 <4 _ 
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GLASS-TO-MET AL 
SEALS 


COMPLETE ENGINEERING AND SAMPLE SERVICE PLUS 
A NATIONWIDE NETWORK OF FIELD ENGINEERS— 


E-I glass-to-metal seals are the industry standard for depend- 
ability ... have been service-proven on vital space age projects 
and in critical commercial equipment. If you have a seal 
problem ask E-I for a recommendation. Sales engineers are 
located in all principal cities. 


1. STANDARD SEALS 2. SPECIAL SEALS— 3. CUSTOM SEALING 
—The most complete For unusual require- — Complete facilities 
range of economical ments, E-l engineers for sealing compo- 
standard seals af will design seals to nents or assemblies 
fords widest design specifications or of your own manu- 
latitude. Includes eg | standard facture. Send sam- 
single lead termi types for your par- ples or drawings for 
nals, headers, minia- ticular application. quotations. Fast 
ture closures and Complete engineering service on reason- 
threaded end seals. facilities available. able quantities. 


ELECTRICAL INDUSTRIES 
MURRAY HILL, NEW JERSEY 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


SILVER GRAPHALLOY BRUSHES and 
BRUSH & SLIP-RING ASSEMBLIES... 


GRAPHALLOY BRUSHES 


are used on such equipment as... SERVO SYSTEMS * SYNCHROS 
* CHOPPERS * RADAR * GYROS * INVERTERS » THERMOCOUPLE 
and STRAIN GAGE CIRCUITS * GUIDED MISSILES + PULSE 
SYSTEMS * DIGITAL COMPUTERS * WAVE GUIDES + SONAR 
* TRANSDUCERS * TORQUE INDICATORS 


BRUSH HOLDER 
and CAP 


Of: 


INSULATED a 


CAP 


Tapered Insulating Bushing Brass Body 





4D 


ji 


BRUSH HOLDER 


| 


Other Sizes 
Available 


overall @ 


LENGTH 


& 
we: & ©£.0 8 Soe 


14326 Ye" sq. Vie” "Yoo" Vie” min. 437” Ze" Vie” 404” AVB” 281" 2%42",.129" 
11509t "a2" sq. Vie” '%2" “c" min. A397” "he" Vie" 404" AB 281” 25/2" 160” 
11570t- Yie"sq. 4" Ae” Vie" min. 484° Ze" Vig” 441" 451” 313” 2%42" 192" 
11527t Ze" sq. Ye” Vie” ‘Va min. 616" 1%6" Yiu” 561" 573” 438” Vie" 256" 
{Stunts are provided. **Mounting hole diameter for brush holder dimension D. 
Request and fill in Brush Inquiry Sheet, Form 109, so that we can supply 
the proper grade of brush material. 


SLIP-RING WIDTH 
HOLE DIAMETER 
BRUSH HOLDER 
TO SLIP RING 


SUGGESTED MIN. 


: 
: 








BRUSH 
ASSEMBLIES 


CONNECTORS 


These silver-plated coil spring Con- 
nectors make for positive electrical 
connection to the brass body of the 
brush holder by snapping into the 
groove on the holder. The connect- 
ing lead can be pre-soldered to the 
Connector. 


(garter 
springs) 


GRAPHALLOY, because of its inher- 
ent, non-welding and arc-quenching GARTER SPRING seusn seus 
characteristics, is used widely for CONNECTORS size HOLDER NO. 
Comgnets ... CIOS Wane poe 179 "a" sq. 14326 
tive breaking of a circuit is required. 127-9 2” 59. 11509 
127-10 Vis" sq. 11570 
127-14 Ya" 59, 11527 











CLUTCH FACINGS 
and CLUTCH GEAR 
ASSEMBLIES 


BUSHINGS 
Oil-free 


Replace oil-lubricated bushings .in 
synchros, instruments, timers and 
missiles. 

Advantages: 1) Lower friction at 
room temperatures. 2) No oil to 
solidify at low temperatures. 3) No 
oil to carbonize at prolonged ele- 


Silver GRAPHALLOY Brushes have been widely used because 
of LOW and CONSTANT CONTACT DROP, EXTREMELY LOW ELEC- 
TRICAL NOISE and LONG LIFE. Over 200 grades are now serving 
in a wide variety of applications. Silver GRAPHALLOY Brushes 
on %2”-diameter coin silver slip rings have operated successfully 
in highly critical electrical circuits at speeds up to 100,000 R.P.M. 
Our Engineering Department will assist in determining the exact 
grade of GRAPHALLOY for your needs. Ask for our Brush Inquiry 


Form 109. 


SLIP RINGS 
Solid Coin Silver 


Standard Coin Silver Slip Rings, 
both cylindrical and flat types, are 
illustrated at right. We recommend 
the cylindrical type rings with three 
brushes per ring . . . spaced at 120° 
The cylindrical type are designed 
for press fitting over standard steel 
shafting. The flat type rings are de- 
signed for nesting either on an insu- 
lated plate or for molding into 
insulation. Insulated slip rings of 
either type or slip-ring assemblies 
can be furnished with leads attached. 


Model 319 
CYLINDRICAL 
SLIP-RING 
assembly 


Solid Coin 
Silver Rings 


No. 168 Series 
flat type 
te 20” 0.0. 


Standard “Flat” rings have 4%” ra- 
dial contact surface and 4%” radial 
spacing between adjacent rings. 


No. 116 Series 
cylindrical type 
te 36” O.D. 


Copper Slip Rings, 
flat or 
cylindrical, 
are available. 


Model 399 BRUSH and 
SLIP-RING assembly 


Pedestal 
Mounted 





MODEL LENGTH 





319-4 4 "Ms" 
319-6 6 His" 
319-10 10 Vy,” 
319-14 4 Ha" 


Slip-ring O.D. 1%”. Terminal 
O.D. 4” 


Assembly LD.: .814"/.813” 
Range: Same as for Model 399 


Model 409 
FLAT SLIP-RING 
assembly 





Solid Coin Silver Rings 





OVERALL 
0..-"a" 





514” 

7" 

8," 
1A" 


belt siet distances 
~ Cl te CL 


H wioTth LENGTH 





399-4 4 4A" Th" = 3" 

399-6 6 4A" A" Oo" 

399-10 «6100 4" ~—s10” 15'4" 

399-14 “4 4A" WA” = =«" 

**Te outer end of coupling. 

Specifications: Width 6¥2”—Height 
6%” Shaft CL above base 3%”. 

Applications: from strain gage or 
thermocouple up to 5 amperes, 
125 volts, 250°F. 

Speeds to 5,000 RPM. 

Three Silver-GRAPHALLOY Brushes 
per solid coin silver slip ring. 

Extraneous noise level extremely 
low. 

Rugged in design and construction. 

Readily connected mechanically 
and electrically. 

Complete coupling provided for 
eo” shaft. 

More rings and higher speeds avail- 
able upon application. 


Write 


vated temperatures. 

Ask for Data Sheets 270 and 277 
on Miniature Bronze~GRAPHALLOY 
Bushings. 


Torque remains same within close 
operating limits despite changes in 
temperature and humidity. For in- 
strumentation, guided missiles, con- 
stant friction devices. 


Hub O.D. 2”; LD. 1.573”/1.571"; for 
Length 1%”. To 5 amperes, 
125 volts. dete 
More rings available upon sheess 
application. 


GRAPHITE METALLIZING CORPORATION 2 ‘2rcs-"swr'da" 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


remarkably\ precise cojmpression- 
ing ... more than an error 
ethod of attachment. 
uct is finished ok 
rminations on your circuitry 


wires ... by the Hundreds or mil- 
lions . . . of the highest reliabilit 


. « « performing beet, sr 
conditions . . . from basic terminal 


to complete patchcord systems. 
a ee 
mae 
2 


200 CONTACT CABLE CONNECTORS 


. . AMP's product is moréthan fine 
circuit terminals .. . re than 





~ =" “GOMPCETE"INFORMATION ON THESE FOUR PRODUCT LINES IS AVAILABLE ON REQUEST. 


AMP INCORPORATED 


GENERAL OFFICES: HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Australia « Canada « England « France « Holland « Japan 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


specity ARNOLD” 


for your PERMANENT MAGNET requirements 


ALNICO MAGNETS 


Arnold permanent magnets are available in all types 
of Alnico material, in sizes ranging from large castings 
weighing over 80 pounds to very small sintered parts 
weighing less than one gram. 

Alnico V can usually be depended upon to deliver the 
greatest energy product to the magnetic circuit per unit 
weight of magnet material. It is therefore generally the 
first choice for a magnetic material except where special 
physical considerations are paramount. 

Special assemblies such as rotors, traveling wave tube 


magnets, magnetron magnets, etc. may be supplied in an 
aluminum jacket to facilitate mounting and supply an 
added protection to the magnet. 

Large magnet assemblies may also be supplied for mass 
spectrometer and other measuring applications where a 
high degree of stability and uniformity of field is required. 

Many sizes and types of Alnico magnets are carried in 
stock for immediate delivery. For more information, 
write for Bulletin GC-106C. 








- 
( SPECIAL PERMANENT MAGNET MATERIALS 


seeceesesee 





ARNOX Ill 


Arnox III is a molded-type magnet having high coer- 
cive force and moderately low residual induction and 
energy product. Principal uses are for magnetic require- 
ments which are not stringent, and for a relatively short 
magnet of reasonable cross section. Accurate dimensions 
and close tolerances can be economically obtained. These 
magnets can be premagnetized before assembly, and have 
very high resistance to demagnetization. Slightly better 
magnetic properties are obtained in the pressing direction 
than in other directions. 


ARNOX V 


Arnox V is a ceramic permanent magnet material com- 
posed of highly oriented barium ferrite. It has many times 
the energy product of Arnox III and is comparable in 
many applications to Alnico V. Because of its high coer- 
cive force, its use is recommended in applications where a 
short magnetic length is desirable or where extremely high 
demagnetizing forces may be encountered. In many appli- 
cations, it may be magnetized prior to assembly. 


VICALLOY 


Vicalloy is a carbon-free permanent magnet alloy con- 
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taining about 10% vanadium, 50% cobalt and the bal- 
ance iron. 

Vicalloy may be fabricated in the form of castings, 
hot rolled bars and forgings, or cold rolled strip, wire and 
tubing. After suitable heat treatment, the material is 
quite readily machinable. Vicalloy is available on special 
order in bar, strip and thin tape for recording purposes. 
For more information, write for “‘The Magneteer,’’ Vol. 


2, No. 1. 
CUNIFE 


Cunife is a permanent magnet alloy of copper, nickel 
and iron which is malleable, ductile and machinable, 
after final heat treatment. The magnetic properties of 
Cunife are developed by cold working and are directional, 
with the best magnetic properties found only in the 
smaller sizes of rods or wires. 


% ARNOLD 


SPECIALISTS in MAGNETIC MATERIALS 





THE ARNOLD ENGINEERING COMPANY, Main Office: MARENGO, ILL. 
BRANCH OFFICES ond REPRESENTATIVES in PRINCIPAL CITIES 
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“We specify 
CROUSE /HINDS 


Explosion-Proof Equipment 


for our jet-engine fuel-test stands” 


vA 


FLIGHT SUPPORT 


mC. says Flight Support, Inc. 
, Metuchen, New Jersey 


OFFICES: At + Baton Rouge 8B shom 8 n Buffalo Chork 


los Angeles Milwavkee New Orleans New York Omaho 


Crouse-Hinds of Canada, Lid. Torente, Ont 
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tte Chicago Cincinnot 
Philadelphia Pittsburgh Portion 
RESIDENT REPRESENTATIVES: Albony Boltimore Reading, Po. 


Domex, 


= 
Left: Rear of mobile test 
stand with Crouse-Hinds 
explosion-proof enclosures 
for instruments and other 
components. Background 


photo: Permanent 
test-stand installation. 


“Our Fuel Test Stands handle highly volatile and 
ignitible fuels. They must be completely explosion-proof 
throughout . . . particularly the electrical components. 


“We specify Crouse-Hinds Explosion-Proof Electrical 
Equipment for two reasons: Their wide range of equipment 
gives us just what we want. And their technical 
assistance in applying their products to our specific 
needs fills our requirements in every detail. 

“We are satisfied with the performance of this equipment 
for a very good reason—because our customers are satisfied.” 
For the product selection and technical assistance that 

helps build customer satisfaction, call any of the 
Crouse-Hinds offices listed below. If you do not have our 
catalog, ask for it during your call . . . or write us direct. 








Detroit H 


Cleveland Corpus Christi Dallas Denver ' 
Son Fr sco 


4, Ore. St. lovis St. Paul Salt Loke City 
Richmond, Va. 


Mexice City, D.F Peterce, Sac Pavic, Brazil 


CIRCLE 463 ON READER SERVICE CARD 463 





| x ELECTRICAL AND ELECTRONIC COMPONENTS 


REMOTE BULB, INDICATING 
TEMPERATURE CONTROL ax. 


We put a lot of quality in our relays. We start with skilled design 
and quality materials. Then we add precision workmanship, modern 
production techniques and rigid inspection, The resulting relays 
are top quality units, outstanding in performance, dependable in 
operation. This extra quality you get from Comar costs no more, 


but it does pay big dividends. Next time you need quality relays— 


Featuring 

Control Point 
Accuracy Equivalent 
to Individually 


Calibrated Instruments 
The UNITED ELECTRIC Type E32N Temperature 


Control is a uniquely designed instrument that is 
used to control and indicate temperatures of gases, 
liquids or hot plates over wide ranges. This unit 3349 ADDISON STREET * CHICAGO 18, ILLINOIS 
contains a 12-inch scale for easily read visual indica- RELAYS * SOLENOIDS * COILS * SWITCHES * HERMETIC SEALING 
tions. It is possible to replace the thermal unit in the CIRCLE 667 ON READER SERVICE CARD 


field without any loss of calibration accuracy. 








Temperature Ranges —150°F. to 150°F., 70°F. to 370°F., 


100°F. to 650°F. Read temperature on 
continuous, 12-inch indicating scale 


that rotates against a fixed index 


‘oor ol in a vertical and centered SUBMINIATURE SERIES 


cation 





Switch Ratings Up to 15 amps. at 115 or 230 volts 
A.C. 20 amp. A.C. or D.C. switches 
also available 





Switch Types N.O., N.C., or Double Throw — no 


neutral position 





On-Off Differential Approximately 1.0°F. or 2.0°F. de- 
pendent on model 





Adjustment Calibrated dial rotated against a TOTALLY ENCLOSED 
= / EXCEEDS MIL-S-6807A 


Calibration Calibrating mechanism permits - 
cise matching of scale to individual P 

tolerance errors of thermal assemblies . . « 1” DIAMETER. . . 

Compensation..........| Automatic compensation for ambient 12 POSITIONS — 30° INDEX 

temperatures 10 POSITIONS — 36° INDEX 


? ; 8 POSITIONS — 45° INDEX 
UNITED ELECTRIC manufactures a complete line of 
temperature, pressure, and vacuum controls, For te ie Cae 


applications requiring custom-built units or modified SINGLE OR MULTI POLE 
standard units, call upon a UE application engineer % - 32 SINGLE HOLE MOUNT 


for recommendations. Complete data is available 
for the Type E32N as well as CARRY 10 AMP CONTINUOUS 
~ for all standard UE controls. 
Tr MAKE & BREAK 
ALF 5 AMP 115 V.A.C.—3 AMP 28 V.D.C. 


(EG ! | 
MAS TCT 


COM PA-N Y 














3111 WINONA, BURBANK, CALIF 
wri 7T Pc ARE! Ty 
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catalogs and bulletins . .continued 
(I-74) Sub-miniature Connectors—Catalog, 
12 pp. Presents electrical and mechani- 
cal specifications, dimensions, illustrations. 
Continental Connector Corp, 34-63 56 
St, Woodside 77, NY. 


(I-75) Fhp Motors—Catalog, 8 pp. Gives 
general descriptions of special purpose 
motors. Includes performance table of 
standard motors. Franklin Electric Co, 
Inc, 345 E Spring St, Bluffton, Ind. 


579 


(I-76) Terminal Blocks—Catalog, 22 pp 
Shows standard terminal blocks rated to 
750 v and with up to 60 terminals. Curtis 
Development & Mfg Co, 3292 N 33 St, 
Milwaukee 16 


(I-77) Small Limit Switch—Brochure, 4 
pp. Switch is smaller than 4 by 14 in 
Rated at 6 a at 600 vac. Several different 
types of actuation levers available. R B 
Denison Mfg Co, 386 Broadway, Bedford, 
Ohio 


(I-78) Machine Tool Limit Switches- 
Bulletin, 8 pp. Shows ratings, dimensions, 
circuits for different functions. Table lists 
many contact arrangements. Housing is 
water, dust and oil tight.. R B Denison 
Mfg Co, 386 Broadway, Bedford, Ohio 


(I-79) Electronic Connectors—Brochure, 6 
pp. Shows construction and specifications 
of miniature, quick disconnect connectors 
of solder, crimp, hermetic, rack and panel 
types. The Deutsch Co, Electronic Com 
ponents Div, Municipal Airport, Banning, 
Cal 


(I-80) Silicones in Electronics—Brochure, 
12 pp. Gives properties and uses of sili 
for potting, molding, insulating, 
cooling and other electronics uses. Dow 
Corning Corp, Midland, Mich. 


cones 


(I-81) Heat and Corrosion-resisting Alloys 
—Catalog, 31 pp. Describes nickel 
and iron alloys. Contains 
formulas for heating element calculations, 
tables of alloy properties and temperature 
resistance charts. Driver-Harris Co, Harri 
son 19, NJ. 


chromium 


(I-82) Magnetic Clutches—Catalog, 8 pp 
Presents dimensions and specifications of 
miniature magnetic clutches and brakes for 
instruments or controls systems. Dynamic 
Instrument Corp, 59 New York Ave, 
Westbury, NY. 


(I-83) Terminals and Connectors—Catalog, 
20 pp. Presents temperature ranges and 
dimensions of solderless types. Also shows 
hand wiring tool. ETC Inc, 990 E 67 St, 
Cleveland 


(I-84) Plastic Film Capacitors—Bulletin, 4 
pp. Gives dimensions, electrical charac 
teristics of polystyrene and polyester ca 
pacitors. Efcon, Inc, Patterson Pl, Roose 
velt Fd, Garden City, NY. 


continued 
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ELECTRICAL AND 


COUNTING by 


REMOTE CONTROL 


ELECTRONIC COMPONENTS ee 


ELBBTRIC 


There's a standard Durant Electric Counter to fit practically any OEM 


application . . 


. enabling you to build modern electric counting into 


your PRODUCT, MACHINE or METHOD. 
Durant’s ‘‘HIGH VISIBILITY”, with clean-cut legible figures set high up 


and close to the window, show the exact figure at a glance. 


Many 


Durant fully enclosed Electrics have been performing accurately and 
dependably under varying conditions for years and years — giving the 
reliability so necessary in a counting operation. 


“y" 


(Model 6-Y-1-MF) 


eeeeeeeeeeeeeee 


“es” 


Electric Series 

ideal for PANEL MOUNT 
(placed and mounted from front 
on machine or at contro! center 


1000 CPM 


Electric Series 


(larger size — 


“YE” Electric Series 
Push Button Reset 
(Model 5-YE-8947-Q) 

1500 CPM 


“Y" Electric Series 
4 figure 
(Model 4 Y-9434-B) 


rger figures) 


Tumbler Lock Key Reset 
for ‘tamper contro!” 


“Y" Electric — Small, compact; AC counters 
equipped with integral rectifier for high 
speed and long life. Records accurately at 
high, low, or intermediate speeds. 


“CS” Electric — Same external design and 
features as “Y” Series, but with larger case 
size and larger figures .. . for more rugged, 
heavy duty applications. 


“YE” Electric — With electric instant reset 
or finger-flick instant reset. 


ACTUATORS and CONTACTORS 
Durant offers photo-electric, lever, roller arm, 
star wheel, or limit switch units for use with 
Electric Counters. 


Send for Catalog Number 55 


DURANT MANUFACTURING CO. 
dependable since 1879 


1938 N. Buffum St. 38 Thurbers Ave. 
Milwaukee 1, Wis. Providence 5, R. |. 


Accurately Count Everything ... EVERYWHERE 


MODEL 3-3-5-Y 
ELECTRIC 
COUNTERS 

ONE FRAME 


“YE” SERIES 
HERMETICALLY 
SEALED FOR 
MILITARY 





MODEL 6-Y 
ELECTRIC 
PREDETERMIN 
COUNTER 





4 FIGURE 
“Y" ELECTRIC 
PANEL 
MOUNT 


“SP-MF"" 
ELECTRIC 


PUSH BUTTON 
RESET ELECTRIC 
FOR MILITARY 
APPLICATION 


ING 











COUNTER 


COUATERS 


PREDETERMINED 


REPRESENTATIVES IN ALL PRINCIPAL CITIES 
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Floatless, Electrode Type, Liquid Level Controls 


PRINCIPLE OF OPERATION—The operation of controlling liquid levels by 
means of electrodes is simple, accurate, and positive. A combination of a 
matched relay and transformer, integrally mounted on a common baseplate 
and connected to one or more electrodes positioned to contact the liquid 
surface at predetermined levels, actuates the opening and closing of elec- 


trical contacts on the relay The contacts *may be used to switch a motor, 





motor starter, contactor, motorized valve, solenoid valve, alarm bell, pilot 
light or any other device. 


SALIENT FEATURES—There are no moving parts in the liquid. Installation is 
easy, requiring no adjustment aside from cutting the aeenies to their 
proper lengths. Operation is unaffected by acids, alkalis or caustics and is 
independent of temperature and pressure. The control can be located remote 
from the liquid container. Levels can be maintained within 1/16 inch. All 
terminals are located on a single panel on top of the relay for accessibility. 
All contacts and moving parts are situated below the main panel for maxi- 
Spacing and insulation are adequate for 600 volts. The 


mum protection. 
screws, Equipment is listed 


baseplate is provided with keyhole for mountin 
2 Pole Level Control by Underwriters Laboratories 


TYPICAL APPLICATIONS ELECTRICAL RATINGS——Controls are available with coils suitable for any 
combination of supply line voltage and frequency. Contacts are U/L rated 
at 1 HP for 115 or 230 volts, 10 amperes 115 volts or 5 amperes 230 volts 
inductive load, and 690 volt-amperes 230 volts or 125 volt-amperes 460 
volts for pilot duty. All controls are of the double break, bridge type and 
have wiping action on closure. 


Pump Controls 

High and Low Level Cutoffs 
High and Low Level Alarms 
Multi-level Signals 
Volumetric Metering 

Boiler Feedwater and Cutoff 


Sewage Ejector Controls 
Carbonator Pump Controls CHARLES F. 1961 W. Eleven-Mile Road 


Submersible Pump Cutoff ; an 
Evaporator Cutoff R R g a 44 Tele ee prises were. 
Process Industries Controls " COMPANY a 

Special Panels and Controls 
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34-3 4 STANDARD 


From One Source 


Advance Relays nad 
_ Automatic Electric 


C. P. Clare re 
Somnel) 


= Elgin Neomite 


Guardian Electric 


“WE” Leach Relays 
Phillips Control Phl-ted> 
(> Potter & Brumfield | 


* Dunn 


Gt torodo assemblies 


Besson & Robinson 


BY And Others ... in any thermosetting 
plastic material. No tool- 


e ; Order Lorge or Smal! Quantities ing cost. Most parts meet 
eran military specs. Write for 
WRITE FOR RELAY CATALOG C-10 pores tA pane By f 


AN Approved 


“a te For 24-Hour Delivery 
Phone: West Chicago 1100 ku 
Kt IZ- asc 
o RELAY SALES, Inc. J 
ay Box 186-PM, West Chicago, Illinois 14218 : 
TWX West Chicago, Ill., 3464-U © WUX outh Broadway, Dayton 1, Ohio 
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catalogs and bulletins. . . . continued 


(I-85) Indicator and Pilot Lights—Catalog 
31 pp. Presents circuits, dimensions and 
specifications for miniature lights used in 
instruments, aircraft, computers. Eldema 
Corp, 1805 Belcroft Ave, El Monte, Cal 


(I-86) Large Resistors—Bulletin, 4 pp 
Gives construction and ratings of wire 
wound resistors, resistor banks. Mullen 
back Div, Electric Machinery Mfg Co 
2100 E 27 St, Los Angeles 58 


(I-87) Terminals, Connectors—Catalog, 12 

pp. Illustrated shapes furnished by reels Watlow 

for cold crimping or welding te wire by CARTRIDGE HEATERS 

machines which are also shown. Electri 

Terminal Corp, Box 2217, Providence 5 New high in heat concentration . . . longer life 

RI ... new design flexibility. Provides same heat as 
standard heating unit in 1/5 the size! Standard 

(I-88) Potentiometers—Broc! cartridge heaters also available. 

data sheets, 8 pp. Present 

drawings and_ specification 

linear and nonlinear types and a | 


sduen iin. Wlochie Mee Labeadaan ee Watlow STRIP HEATERS 


47-51 33 St, LI City, N’ Straight or curved design. Widths %” 
aa 


_ ss > 
(I-89) Goniometer—Brochure, 4 pp. Di and over, lengths to 72”. Post, button 
and bracket type terminals and flexible 


scribes instrument for measuring and test 

: eads. 
ing potentiometers, synchros and similar ‘ 
rotary electronic components. Electro-M¢ 


Laboratory, In ¢7-51 33 St, LI City 


' Watlow IMMERSION HEATERS 


(1-90) Germanium Diodes—B tin, 4 pp 


” 


Fabulates specifications of general put Straight or curved. Diameter %” to 2 
] 


pose, special purpose and computer in any length, with capacities to 10,000 watts. 


( iodes I it 


dium bond d t 
Resistor 


1; 
Inc, Subs of Eric 
W 12 St, Erie, Pa 


(I-91) Electronic Components—Br Watlow TUBULAR HEATERS 


4 pp. Illustrates subminiature te in Available in sheath materials for all purposes . . . 
OD slip ring assemblies; relay switcl various terminals to meet special needs . . . in 
precision selector switch. Electro most voltages . . . in standard as well as odd 
Corp, 10 Romanelli Ave, S Hackensack, | lengths, diameters and wattages 

NJ 


(1-92) Switches and Actuators—Catalog | Watlow FLEXIBLE Watlow 


31 pp. Provides illustrations, dimensioned SILICONE RUBBER HEATERS NARROW- 
drawings, specifications for heavy duty, sub 7 , re ~ BANDED 
miniature, doublepole, enclosed diecase Ss anes ot rs HEATERS 


one way impulse, hermetic and otl 450°F., watts densities 


ther types .. : 
f tl to 35 watts/sq. in. Any 


Includes technical discussion of the sub- | : 

ject. Licon Div, Illinois Tool Works, 6606 | aE Bis — oy shape, easily Widths 1” to 2”, Diam 
W Dakin, Chicago ; ates : mounted. eters 1%” and up. Watts 
Densities up to 45 
Watt/sq. in. Patented 
Clamping Band gives 
excellent heat transfer 


(I-93) Magnetic Ceramics—Bulletin, 4 pp 
Offers kits containing ferrite magnetic 
ores; voltage dependent, negative tem 
perature coefficient or light dependent re 
sistors; memory cores, planes or stacks 
Ferroxcube Corp of America, E Bridgs 


< Sag OF ® Write for FREE CATALOG and /et us help 


(1-94) Silver-zinc Batteries—Two brochures, | 9a ea solve your electric heating problems. 

10 pp. Provides performance and design Vine prec 

details of primary, automatically activated <i eel 

batteries for one time use; and secondary 

rechargeable batteries. Cook Batteries, 

Subs of Pelecomputing ( orp 2850 Olin ELECTRIC MANUFACTURING co. 
St, Denver 7, Col ; 1376 Ferguson Avenue 

c St. Louis 14, Mo. 


ontinued 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


VELOCITY 
LVsyn 
DISPLACEMENT 


Models 580 (top) 
and 581 (bottom) 


Precision 
'l'ransducers 


FROM 


SANBORN 


Linear motion transducers available from Sanborn 
Company now include the compact, ready-to-use 
flange-mounted Model 580 and threaded 581 “‘probe- 
styles” for displacements as small as 0.00002”... 
thirty models (shielded and unshielded) of the rug- 
ged Linearsyn differential transformer for strokes 
from +0.005”" to +1.0", displacements as small as 
0.000001"... and twelve models of the LVsyn for 
producing a DC voltage proportional to a linear 
DISPLACEMENT velocity. Features of the 580—581 probe-style units 
Linearsyn include 0.5% linearity; basic sensitivity at 2400 cps 
of 2.4 volts output /inch displacement / volt excita- 
tion; built-in output level adjustment, phase shift 
and temperature change compensation; carbide- 
tipped stainless steel contact rod riding in jeweled 
bearings. Both the LVsyn and Linearsyn trans- 
ducers are extremely durable units, immersible in 
working fluids, introduce little or no friction, and PRESSURE 
have infinite resolution. Standard Linearsyn coil 
lengths range from 0.564” to 6.88", LVsyn coil 
lengths from 3.16” to 22.75”. 

For differential and single-ended pressure meas- 
urements, Series 267 and 268 transducers for opera- 
tion in a carrier system offer sensitivities of 40 uv 
mm Hg / volt excitation and 40 uv/0.1 mm Hg/ volt 
excitation. Compact, Monel cases have standard 
Luer connectors. 


Series 267, 268 





; Contact your local Sanborn Sales-Engineering Repre- 
for long stroke, high pressure, sentative for bulletins containing complete facts or 
high temperature requirements... write the Sanborn Industrial Division in Waltham 
Sanborn Sales-Engineering Representatives are located 
. special-order LVsyn and Linearsyn dis- 


placement transducers can be supplied. in principal cities throughout the U.S., Canada and 
Strokes up to 20” are possible pressure foreign countries. yew 
ratings up to 5000 psi, when transducer is 


submerged ina high pressure medium... gg A N fof oO ina N Cc oO M PA N Vv 


operating temperature ranges as wide as 
~ 65°F to +450°F. Consult factory, stating INDUSTRIAL DIVISION 


your requirements. 175 Wyman St., Waltham 54, Mass 
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TROMBET TA SOLENOID CORP. 


MILWAUKEE 


329 N. MILWAUKEE ST. 


WISCONSIN 


MILWAUKEE 2, WISCONSIN 
MASTERS OF SOLENOID DESIGN AND APPLICATION 





P-128 SOLENOID 
P-100 PULL TYPE & Q-100 PUSH TYPE PURE 
DIRECT CURRENT SOLENOIDS 
Pull Rating (85% Voltage): 2 to 2000 Ibs. 
Stroke: 2” to 9”. 
Made for all voltages up to 750 volts 


P-334 SOLENOID 
P-300 PULL TYPE & 0-300 PUSH TYPE SOLENOIDS 
Pull Rating (85% Voltage): 0.75 to 150 Ibs. AC— 
0.75 to 400 Ibs. DC 
Stroke: %” to 5”. 
Made for all frequencies, and for al! voltages up to 
volts — AC and DC 


NA-764 SOLENOID 
NA-700 SHORT STROKE SOLENOIDS (interchange- 
able with National Acme Solenoids) 
Pull Rating (85% Voltage): 1 to 300 Ibs 
Stroke: 42” to 1%” 


Made for all frequencies, and for all voltages up to 
volts — AC and DC 





AS-426 SOLENOID 
AS-400 HIGH SPEED SOLENOIDS (Capable of operat- 
ing at rates as high as 500 operations per minute) 
Pull Rating (85% Voltage): 1.5 to 14 Ibs 
Stroke: 14%” to 2%”. 


Made for all frequencies, and for all voltages up to 
volts — AC and DC. 


AL-828 
AL-800 LONG STROKE SOLENOIDS 
Pull Rating (85% Voltage): 1.5 to 25 Ibs 
Stroke: 24%” to 4%”. 


Made for all treguensies, and for all voltages up to 
volts — AC and DC. 


FX-300 EXPLOSION PROOF, OIL IMMERSED 

SOLENOIDS 

Pull Rating (85% Voltage): 3.5 to 150 Ibs 

Stroke: 1%” to 5” 

Made for all frequencies, and for all voltages up to 
750 volts — AC and DC 





R3DX-334 SOLENOID OPERATOR 
R3DX-300 EXPLOSION PROOF SOLENOID 
OPERATORS (Rec Solenoids) 

Pull Rating (85% Voltage): 3 to 150 Ibs 
Stroke: 1%” to 5” 


Made for all fr wencies, and for all voltages up to 
volts — AC and DC. 


R2D-328 SOLENOID OPERATOR 
R20-300 SOLENOID OPERATORS (Reciprocating 
Solenoids) 

Pull Rating (85% Voltage): 1 to 150 Ibs. 
Stroke: 1” to 5”. 


Made for all frequencies, and for all voltages up to 
750 volts — AC and DC. 


AX-426 RECIPROMOTOR 


AX-400 RECIPROMOTORS 

Rectilinear induction motors — for operations re 
quiring reciprocating forces of various magnitudes 
May be furnished for practically any force and 
length of stroke 


Made for all frequencies, and for all voltages up to 
750 voits —AC. 





TS-118 BRAKE 


TS-100 SOLENOID BRAKES 

Torque Rating (85% Voltage): 3 to 2100 ft. Ibs 
Wheel Diameters: 2%” to 14”. 

Made for all frequencies, and for all voltages up to 
750 volts—AC and DC. Also available for air operation, 
and hydraulic operation for any pressure to 2400 p.s.i. 





TSX-528 BRAKE 


TSX-500 EXPLOSION PROOF AC & DC BRAKES 
Torque Rating (85% Voltage): 10 to 2100 ft. Ibs 
Wheel Diameters: 3%” to 14” 

Made for all frequencies, and for all voltages up to 


750 volts — AC and DC. 





T2S-150 BRAKE 
T2S-100 DOUBLE ACTION SOLENOID BRAKES 
Torque Rating (85% Voltage): 1,400 to 75,000 
ft. Ibs. — Wheel Diameters: 18” to 72” 
Made for all frequencies, and for all voltages up to 
750 volts—AC and DC. Also available for air operation, 
and hydraulic operation for any pressure to 2400 p.s.i 








ITE 


wer EE CATALOGS 
IN 1924 MR. TROMBETTA GAVE THE WORLD THE COMMERCIAL SOLENOID 





PRODUCT ENGINEERING — Mid-September, 1960 


CIRCLE 469 ON READER SERVICE CARD 


469 








Precisi on Switch es 


4 


(wrverwd | 


check switch problems with 


MICRO SWITCH wines signe: sicxo 


SWITCH has designed over 12,000 different precision switch types for specific 
applications. There obviously are ready answers for most switch problems in 
this huge MICRO SWITCH line, both for up-dating your present machines and 
when designing new ones. There’s an experienced MICRO SWITCH field engi- 
neer near you, ready to help on your switch problems. And, replacement is 
as easy as calling your nearby MICRO SWITCH distributor. You'll find him in 
the Yellow Pages. For precision switches, make MICRO SWITCH your first source 
Best way to be sure of precise operation, experienced engineering counsel, and 


production capabilities that mean savings for you. 


MICRO SWITCH, FREEPORT, ILLINOIS 
A division of Honeywell 
In Canada: Honeywell Controls Limited, Toront 


H Honeywell 


MICRO SWITCH Precision Switches 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


cam-7-line 


27,000 CANNON PLUG DESIGNS 


FOR EVERY CONCEIVABLE APPLICATION 


AIRCRAFT AnD ELECTRONIC INSTRUMENTATIONS—MS, MS-A, MS-B, MS-E, 
MS-R SERIES, conforming to Spe ation MIL-C-5015D. Vibration-proof—Lightweight—Plugs 
are available with from 1 to 1 or 5. 15 « e nsert diameters and 260 contact layouts. 
6 shell styles, MS 3100 MS 3108 with all accessories. Environmental-Resisting MS-E and MS-R 
Series have interfa saling at mating es and integral grommet seal at wire entry plus— 
grounding lugs and ir 


GENERAL CIRCUITRY AND QUICK DISCONNECT—K, RK SERIES, with special acme 
thread. The all-purpo a. yht insert diameters available. Conduit and cable clamp 
entry types. 1 to 11 yr s. 10, 15, 30, 40, 60, 80, 115 and 200 amp. silver plated contacts. High 
quality pher , melamine, and formica insulators. Cadmium-plated aluminum alloy shells 


UNIT-PLUG-IN RACK PANEL-DP, DPB, OPD, DPD2, DPD2R, DPJ, DPS SERIES, 


tacts in rectangular inserts. With and without shells; coaxial and 
onnect, interchange, replacement, testing, and inspection 


AUDIO AND LOW-LEVEL CIRCUITS—P, XLR, XK, O, UA, BRS SERIES, jn many shell 
styles and insert layouts. Straight and 90° angles. Latch-lock types. Wall-mounting, panel, locknut 
mounting, and adapter receptacles, single and two-gang. 10 and 30 amp. contacts, coaxials. 


MINIATURE AND SUB-MINIATURE—D, US, DPA, DPX, AND K-MINIATURE SERIES, 
designed for amplifiers, miniature indicators, computer circuits, telemetering equipment, and 
general instrumentation of limited space requirements. Variety of shell styles, junction shells, and 
nsert arrangements. Available with from 2 to 50 contacts, plus coaxials. 


COAXIAL RF SERIES—ayailable in a wide range of Series and types from sub-min 
large cable applications. New Cannon adapters available for use with latest cable develop’ 
Cannon's latest RF Plugs include aluminum versions designed for use where weight-sav 
critical design criteria. 


GM AND PLUG HARNESS SYSTEMS—cCannon produces a wide range of GM Plugs to 
missile applications, ranging from straight umbilical dis-connects to stage-separat 
ts. Cannon also produces Plug Harness Systems featuring MS or other specifiec 
s as one unit, available with various contact types and sizes. From 8 to 140 con ; 
Highest quality and proven reliability. Varied remote disconnect methods actuated by hydraulic, 
pneumatic, explosive, or manual means. 


The Cannon Electric Company also has available a wide variety of plugs for Batter 
wall, Watertight, Printed Circuit, and other applications, as well as “Kwik-Term 
DC Solenoid 

FOR ADDITIONAL INFORMATION or ve typical designs illustrated. 

your specific applications ...or the design, engineerir 19 and manufacture 

.+. write to Cannon Electric Compar 3208 Humboidt Street, Los Angeles 31, 

refer to Dept. 506 


LARGEST FACILITY IN THE WORLD FOR PLUG RESEARCH-DEVELOPMENT - MANUFACTURE 
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| ELECTRICAL AND ELECTRONIC COMPONENTS 


ELECTRO-FLEX 


FEATHER 
TOUCH 


ACTION 


STANDARD 
HEATING 
ELEMENTS 


ANY SIZE—ANY SHAPE 


ECONOMICAL 
POWER 
RESISTORS 


FOR FLIGHT USE 





Light-weight, tough, flexible. Oper- 
ate under high pneumatic pressure. 
Resist corrosion. Immersible. Insu- 
lated with silicone rubber or neoprene. 
Mee USAF specifications. 


If you have a special heating 
problem let us solve it for you. 





New lightweight, space-saving re- 
sistors permit substantial efficiencies 
and economies in aircraft and mis- 
sile electronic apparatus. Units are 
mounted in direct contact with inner 
surface of chassis or case so that 
25% to 40% of heat generated is 
emitted to atmosphere. Derating 
curves are available. 


send for free illustrated booklet 


Electro-Flex Heat, Inc. 


83 WOODBINE ST., HARTFORD, CONN. (CHapel 6-5413) 





@ Feather touch operating torque (4 inch- 
grams max.) 


®@ Friction-free blade pivot 

@ Lateral rock-wipe contact action 
@ Positive stops molded in case 

@ Rated: UL 5 amps/250 V a-c 


Extremely low operating force and precise toler- 
ances provide positive electrical control for pres- 
sure indicators, sensing timers or relays, office 
machines and vending machines. Operating 
force can be varied by length of actuator wire. 


SECURE WIRE BUNDLES IN SECONDS! 


Simply pull this modern self-locking nylon strap around your wire 
bundle, cut off the excess,and you have a positive-holding installation. 
No tying, no knots, no hitches to come loose with Bund-L-Tite*. It’s 
the fastest, surest, most permanent way to secure wire bundles! 
Proved in aircraft and missiles under extreme loads, Bund-L-Tite* 
straps are made of tough, light-weight DuPont zytel, which meets 
MIL-P-17091. Write for free literature. 


DAKOTA Manufacturer of Cab-L-Tite clamps. 
ENGINEERING, INC. 


4315 Sepulveda Blvd., Culver City, California Trade Mark 


CIRCLE 672 ON READER SERVICE CARD 


Your switching problems may find so-, 
lution from over 8,000 Cherry switch 
variations.Write for complete literature 
today! 


"i, 
\ CHERRY ELECTRICAL 


PRODUCTS CORPORATION 


Highland Park, Ill. 





1641 Deerfield Rd. * 
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catalogs and bulletins. .. . continued 


(I-95) Insulated Electronic Components- 
Catalog, 12 pp. Gives dimensions, voltage 
ratings, materials for standoff terminals, 
connectors, terminal boards and others 
Garde Mfg Co, 53 John St, Cumberland, 
RI. 


(I-96) Aluminum Sheathed Telephone 
Cable—Catalog, 40 pp. Shows construc 
tion, installation and maintenance of cable 
for underground, overhead and corrosive 
atmospheres. General Cable Corp, 730 
Third Ave, NYC 17 


(I-97) Jacks and Plugs—Brochure, 22 pp 
Describes communications, test, control 
equipment jacks, plugs, panels, cords, in 
dicating lamps. Stromberg-Carlson Div of 
General Dynamics Corp, 100 Carlson Rd, 
Rochester, NY 


(I-98) Key Switches—Brochure, 26 pp. De- 
scribes key and pushbutton switches, 
mountings and accessories. Designed for 
low current circuits. Stromberg-Carlson 
Div of General Dynamics Corp, 100 
Carlson Rd, Rochester, NY 


(I-99) Stepping Switches—Brochure, 10 pp 
Explains operation of a 10 point and a 
100 point switch. Uses four-wire switch 
Stromberg-Carlson Div of General Dy 
namics Corp, 100 Carlson Rd, Rochester, 
NY. 

(1-100) De Generators—Bulletin, 6 pp 
Contains dimensions, ratings, construction 
for units from one to 150 kw. General 
Electric Co, De Motor & Generator Dept 
3001 E Lake Rd, Erie 1, Pa 


(1-101) Selenium Rectifiers—Bulletin, 8 pp 
Tabulates data on miniature and subminia 
ture rectifiers and diodes including special 
types for printed wiring boards. Radio 
Receptor Co, Inc, Subs of Gen Instru- 
ment Corp, 240 Wythe Ave, Brooklyn 
ll, NY 


(1-102) Ceramic Permanent Magnets— 
Bulletin, 8 pp. Presents descriptions, for- 
mulas, graphs, tables of properties; tables of 
dimensions and chart of possible applica- 
tions. Indiana Steel Products, Div of Indi- 
ana General Corp, 405 Elm St, Valpa 


raiso, Ind 


(I-103) Semiconductor Diodes and Recti- 
fiers—Catalog, 16 pp. Provides electrical 
characteristics, dimensions of silicon and 
selenium diodes, rectifiers, contact protec- 
tors, zener diode voltage regulators. Inter- 
national Rectifier Corp, 233 Kansas St, El 
Segundo, Cal. 


(1-104) Nickel-cadmium Batteries—Bro- 
chure, 50 pp. Presents physical and elec- 
trical data on sintered plate, and pocket 
plate batteries used as stand-by power 
sources. Nicad Div, Gould-National Bat- 
teries, Inc, Pleasant St, Easthampton, 
Mass. 


continued 
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WANT THE LATEST INFORMATION 
ON GLOW LAMPS AS INDICATORS 
AND AS CIRCUIT COMPONENTS? 


Send for General Electric’s all-new Glow Lamp Guide 
for Designers. It’s free, complete and up-to-date— 


Contains all the information you'll need to help you choose the 
right glow lamp for the job. Gives complete specs on G-E Glow 
Lamps for circuit component and for indicator use. Packs 
more data in fewer pages than any other brochure... recom- 
mends specific lamps for specific circuits . . . covers physical 
and electrical characteristics. All this and much, much more. 
Send for your free copy of Bulletin No. 3-0193 today. The right 
number for you to circle is shown below. General Electric Co., 
Miniature Lamp Dept. M-031, Nela Park, Cleveland 12, Ohio. 


Progress /s Our Most Important Product 


GENERAL @@ ELECTRIC 
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tee 
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ELECTRICAL AND 


application de- 

Mecial or standard 

Nour engineering ex- 
ame production fa- 
© Beared to meet 


Write for Technical Bulletin EM. 


Bi 


Printed Circuit 
Short Frame Tele- 
phone Type D-C 
Relay, RL-1500 
Series — excep- 
tionally small size 
and long life. 


Size: 754,”x1%,"x 
1%” 


High Voltage 
Switching Relay, 
RL-904 Series, Bu- 
ships rated Dis- 
charge Switch. 


Size: 4°%4"x6",” 
4%” 


A-C Power Relay, 
RL-1200 Series, 
for Long Life, in- 
dustrial Control 
Applications up to 
30 amperes. 


Size: 2,"x2%,"x 
2%” 


> P 
a) te... —— 
| 
ee ee | 
A a a 
‘ 
t > 


D-C Miniature 
Solenoid, $0-2100 
Series, High mag- 
netic efficiency 
for improved pow- 
er-to-size ratio. 


Size: 1,”x*\,”"x 
%” 


High Voltage 
Switching Relay, 
RL-906 Series, for 
Radar, Sonar and 
Missiles applica- 
tions. 


Size: 3%,”x4'%,” 
x1%” 


Since 1909 


JOSEPH POLLAK CORP. 


95 Freeport Stre 


ELECTRONIC COMPONENTS 


catalogs and bulletins continued 
(1-105) Batteries—Four bulletins, pp 
Shows construction, physical and electrical 
characteristics of alkaline batteries ranging 
from industrial to miniature sizes. In 
cludes self-contained, automatic de power 
units. Gulton Industries, Inc, Alkaline 


Battery Div, 2 Gregg St, Lodi, NJ 


(1-106) Ceramic Capacitors, Resistors—Six 
bulletins, 23 pp. Presents characteristics 
and dimensions of miniature and subminia 
ture Capacitors with various spec ial proper 
ties Also temperature sensitive resistors 
Glenco Corp, Subs of Gulton Industries, 
Inc, 212 Durham Ave, Metuchen, NJ 


(1-107) Ceramic Transducers 

pp. Gives characteristics, dimensions and 
shapes of transducers for such uses as 
sonar, earphones, accelerometers. Gulton 
Industries, Inc, Materials & Ceramics Div, 


212 Durham Ave, Metuchen, NJ 


(1-108) Magnetically Actuated Mercury 
Switches—Catalog, 4 pp. Shows dimen 
sions, ratings and ways to utilize. Also dr 
reed and tilt switches. Hamlin, Inc, Lake 


& Grove Sts, Lake Mills, Wisc 


(1-109) Stepping Devices—Brochure, 12 
pp. Presents specifications and sample cit 
cuits used in driving printed circuits, po 
tentiometers and other components. The 
A W Haydon Co, 244 N Elm St, Water 


bury, Conn 


(1-110) Timers—Catalog, 38 pp. Describes 
timing motors; electronic and electro-me 
chanical timing devices; and time indicat 
ing instruments. The A W Haydon Co, 
244 N Elm St, Waterbury, Conn 


(I-111) Circuit Breakers—Bulletin, 12 pp 
Provides ratings, dimensions, terminal 
styles for ac and dc hydraulically delayed 
breakers. Heinemann Electric Co, 713 
Plum St, Trenton, NJ 


Describes 


(1-112) Relays—Catalog, 18 pp 


electronic subminiature, microminiature 
time-delayed 


Bradley Fd, 


balanced rotary 


Windsor 


types 
I OC ks, 


and 
Hi-G, Inc, 
Conn 


(1-113) Solid State Electronics—Catalog, 
16 pp. Outlines specifications for several 


typical products such as time delay relay, 


and furnishes one example of complete | 


general specifications. Hydro-Aire Co, 


3000 Winona, Burbank, Cal 


(1-114) Frequency Standards—Brochure, 4 


pp. Furnishes specifications for transis 
torized miniature standards using aircraft 
power source. Gibbs Mfg & Research 


Corp, 450 N Main St, Janesville, Wis¢ 


Catalog, 24 pp 
dimensions of 

Shakeproof 
Charles Rd, 


(1-115) Terminals 
Sketches and tables give 
locking and plain terminals 
Div of Ill Tool Works, St 
Elgin, I) 


Bulletin, 8 





Miller CORDSETS and 
insulated wire 

tailored for YOU 

and your customers 


Just a few examples... 


FINGER-PULL 
plug 
Takes the strain 
off the wire 
and adds a smart 
useful look to any 
electrical product 
- available in a 
variety of sizes 
and designs, 
Patented 


plug molded-on 
to wire 

Seal rim an 
integral part of 
the plastic 
— keeps out for 
eign matter and 
moisture 


form 


Heavy duty 
STRAIN RELIEF 
Designed for use 
on portable tools, 
appliances, etc 
Our mold set-ups 
are flexible, per 
mitting infinite 
variety of nose 
section shapes 
and dimensions 


ASSEMBLY 

All parts designed 
for special cus 
tomer need 
Plugs, color 
matching extra 
flexible wire, and 
Creei provide min 
imum size over 
all for 
space contain 


small 


Miller's custom design service provides 
unique molded assemblies on wire and 


cable to meet every requirement 


Lowest 


tool costs are made possible by our own 
specially developed patented molding 


process 


Miller maintains uncompromising control 
of quality in its integrated manufacturing 


facilities, from 


product 


SEE FOR YOURSELF 
WRITE FOR 
CATALOG &E9 


raw copper to 


finished 


(Oo fae SececrTric« co 


120 Main St. « 


Pawtucket, R. |! 


Boston Representatives in key cities 


continued 
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catalogs and bulletins. . . . continued 
(1-116) Electrical Connections—Catalog, 95 
pp. Describes molds for making on-the 
spot heavy electrical connection by thermit 
principle. Erico Products, Inc, 2070 | 
61 Pl, Cleveland 


(1-117) Electrical Cord Reels—Catalog, 3' 
pp. Describes portable, stationary and 
power driven cord and cable reels. Also 
swivel units and collector rings. Industrial 
Electric Works, Inc, 1509 Chicago St 
Omaha, Neb. 


(1-118) Rectifiers—Bulletin, 4 pp. D 
rectifiers that use n 
barrier layer. Radio Recepté 
Subs of Gen Instrument Cor 
Brooklyn 11, NY 


scribes selenium 
artificial 
Co, Inc, 


240 Wythe Ave, 


(1-119) Semiconductors—Catalog, 104 pp 
Presents electrical characteristics, rating 
dimensions, applications of silicon and s¢ 
enium diodes and rectifiers. International 
Rectifier Corp, 233 Kansas St, El Segundo 
Cal 


(1-120) Antenna Insulators—Bulletin, 4 p; 
Gives strengths and dimensions of suspen 
sion and strain insulators. Isolantite Mfg 
Corp, 339 Warren Ave, Stirling, NJ 


(1-121) Electronics Hardware—Catalog, 5 
pp. Describes couplings, drives, magnet 
shields, bezel assemblies and other compo 
nents. Jan Hardware Mfg Co, Inc, 
Queens Blvd, Long Is City, NY 


38-01 


(1-122) Pendant Switches—Bulletin, 5 pp 
Describes rubber encased multibutton or 
switches. Includes models molded 
Joy Mfg Co, Electrical Products 
Louis 1 


toggle 
to ¢ ible 


Div, 1201 Macklind Ave, St 


(I-23) Ac 
Outlines 
tors, controls and motor generators. Ca 
pacities to 500 kva. Kato Engineering Co 


1415 First Ave, Kato, Minn 


Generators—Brochure, 15 pp 
haracteristics of brushless genera 


(1-124) Power Supplies—Catalog, 24 pp 
Provides specifications of vacuum tube, 
transistorized, magnetic and hybrid voltage 
regulated supplies. Kepco, Inc, 131-38 San 
ford Ave, Flushing 55, NY 


(1-125) Terminal Blocks—Catalog, 20 pp 
Provides specifications, dimensional draw 
terminal — blocks, 
switches, marine lamp sockets, outlets 
Kulka Electric Corp, 633 S Fulton Ave, 
Mount Vernon, NY 


ings of electronics 


(1-126) Transfer Switch—Bulletin, 4 pp 
Describes automatic type with ratings to 
800 amp, 600 v. Lake Shore Electric Co, 
205 Willis St, Bedford, Ohio 


(1-127) Wiring Devices—Catalog, 100 pp 
Gives ratings and dimensions of switches, 
outlets, lamp holders, fixtures and wall 
plates. Pass & Seymour, Inc, Syracuse 9, 
NY 


continued 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


now... 

the perfect 
combination for 

Low Cost 
Pre-Insulated Splicing 


— 


’ Sy 


BUCHANAN ELECTRICAL PRODUCTS CORPORATION, 


In Canada: ESNA CANADA LIMITED 


12 GOWER ST., TORONTO 16, ONT. 
PHILIPS EXPORT CO., 
100 E. 42nd St., NEW YORK, N. Y. 


New circular 


Buchanan “‘WIDE-RANGE” 
Pre-insulated Splice Caps 
Just 1 size for 2 418, 2 or 3 
#16, 2 #14, 1 #12 with | 
#14—or equivalent 
combinations. 

Tough see-thru Nylon. High 
insulating value. Easy 
inspection. 


Buchanan 
Ratchet-Controlled 
tri-SURE-tools 

Just 1 size— Hand or Pneu- 
matic. Fast acting — no adjust- 
ments — no twisting — 
load either side — splice caps 
self-positioning. 


wire 


Exclusive three-indent rolling 
action crimp provides peak per- 
formance — no puncturing of 
insulation. 

UL & CSA approved — 600 V 

max. bidg. wire; 1000 V. max 

in fixtures —to 105°C. Also 

UL approved for 1000 V. max 

in electric signs. 


Write for 
descriptive bulletin PD-601 


611 U.S. 22 HILLSIDE, NEW JERSEY 


WaAverly 3-7474 
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readout controller designed 
specifically for use with packaging 
and plastics machinery. Note the improved 


indicator visibility. 


Always a true indication of temperature. Readout 
and control never limited by mechanical stops or 


machinery vibration. 


Positive readout with guaranteed independent control — meter 


movement completely separate! 


Circular readout available 
on proportioning and on- 
off units. All units are de- 
signed to fit standard 
mounting dimensions. 


The first compact servo in- 
dicating temperature con- 
trol with circular readout 
offering high accuracy at 
low cost. 


For additional infor- 
mation on complete 
range of controls, 
costs, etc., write 

or phone: 


y 


ELECTRONIC PROCESSES CORPORATION OF CA 


4 ta ane Street San Frar 
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ROTARY SWITCH SLIP RING ASSEMBLIES 


by SUPERIOR | BRUSH HOLDER ASSEMBLIES 
siiat'¢s dailies ot BRUSH CONTACTS 


Cycling Equipment in which by SUPERIOR 


prime requisites are safety, 














eo" © DESIGNED BY SUPERIOR 
reliability and LONG LIFE. FOR YOUR APPLICATION 


@ BUILT TO YOUR SPECIFICATIONS 


A long, close acquaintance with this 
field enables the Superior staff to 
offer slip ring assemblies and com- 
ponents individually designed for all 
applications, such as: 


SIGNAL CIRCUITS 

POWER CIRCUITS 

SEGMENTED COMMUTATORS 

SPECIAL BRUSH BLOCKS 

COMBINATION SIGNAL 
Broad applicability. Flexible AND POWER CIRCUITS 
basic design is adapted to exist- — 
ing cycling equipment as well ; a A Basic drum-type os 
as many O.E.M. applications. , . | sembly with 24 rings 
The switch shuts off power at "ie bs ig 
the end of each cycle and auto- i. ae ay ee ee 
matically starts the cycle unless remy bly with segmented rings 
interrupted. Safety is a bonus Vom 
feature with a new high attained . Brush block assem 
in dependable, long ring life. : blies, cantilever type 


* 


Space, insulation, noise requirements, and 
contact composition, and other problems 
have received our special attention. Su- 
perior makes brush contacts, brush hold- 
ers, rings, all the components — in one 
package. 


* * * 


Brush holders can be designed around 
existing ring assemblies. Even brushes 
alone can be supplied to fulfill a specific 
customer need. The brush is the vital link 
in the entire assembly. Our experience in 
this area alone has developed a range 
of brush grades which will withstand any 


Superior’s wealth of experience conditions and give optimum operation. 
in powder metallurgy insures the We specialize in pilot runs. SN a 


right selection of brush, ring and Bae 
insulation materials to fit your 
specifications. Arcing and sub- Write for Bulletin S-2056 for more information 


sequent material breakdown are i 

definitely retarded. Photo above > 

shows rings after having oper- tie 0 MPO, og oe 
ated 2,000,000 cycles. ; as aes fi ake © CARBON PRODUCTS, INC. 


ENUE - CLEVELAND 5, OHIO 


BRUSHES *« CONTACTS « SLIP RING ASSEMBLIES 
POWDER METAL PARTS « MECHANICAL CARBONS 


SUPERIOR 
CARBON PRODUCTS, INC. 
CLEVELAND 5, OHIO 
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ELECTRICAL AND ELECTRONIC COMPONENTS oe 


BLH BUILDS WORLD'S 
LARGEST LOAD CELL 

TO ACCURATELY MEASURE 
1,500,000-LB. ROCKET THRUST 


America’s first rocket engine with a launching 
thrust of 1.5 million pounds is now being 
developed by Rocketdyne, a division of North 
American Aviation, Inc. 

One of the most critical factors in the successful 
firing of a rocket or missile is the exact determi- 
nation of weight and thrust. Present operational 
rocket engines are tested for weight and thrust 
by using a series of load cells of no more than 
100,000 pounds capacity each, along with 
allied instrumentation for computing data from 
the several sources. 


Now the BLH development of a single functional 
cell with a 1.5 million lb. capacity will permit 
evaluation of total weight and thrust from one 
source, reducing the number of possible sources 
of error. Calibration and testing by the National 
Bureau of Standards has proved the load cell 
and its instrument system to be accurate to 
+0.10% of reading over the full scale from 
one-tenth to full capacity. The complete system 
will become part of Rocketdyne’s high-thrust 
test area at Edwards Air Force Base, Calif. 
BLH experience and capabilities in force and 
strain measurement are available for your use, 
whether in pioneering efforts such as this one, 
or in the improvement of existing measurement 
applications. Write for additional proof of 
BLH capabilities 
‘ or contact 
your nearby BLH 
sales engineering 
representative for 
application engi- 
neering service. 








World’s largest single 
¢ column load cell weighs 
2200 pounds, is 44 in. 
high, 20 in. in diameter. 


The huge load cell is 
performance tested 
during its development 
at the BLH plant 


FIRST in force measurement 


BALDWIN - LIMA: HAMIL IITOn 
Electronics & Instrumentation Division » Waltham 54, Mass. 


SR-4° Strain Gages « Transducers « Force Measurement Systems 
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MINIATURIZATION 
pLus LOWER COST 


Thin Versatile 
Co-Netic and 
Netic Magnetic 
Shielding Foils 


How thin Co-Netic and Netic foils lower your mag- 
netic shielding costs: 

1) Weight reduction. Less shielding material is used 
because foils (a) are only .004” thick and (b) cut and 
contour easily. 

2) Odd shaped and hard-to-get-at components are 
readily shielded, saving valuable time, minimizing 
tooling costs. 

These foils are non-shock sensitive, non-retentive, re- 
quire no periodic annealing. When grounded, they 
effectively shield electrostatic and magnetic fields over 
a wide range of intensities. Both foils available from 
stock in any desired length in various widths. 


Co-Netic and Netic foils are successfully solving many 
types of electronic circuitry magnetic shielding prob- 
lems for commercial, military and laboratory appli- 
cations. These foils can be your short cut in solving 
magnetic problems. 


When accidentally exposed to unpredictable magnetic __— presto! — your valuable 


data is combined with confusing signals or even erased 


For complete, distortion-free protection of valuable magnetic tapes 
during transportation or storage. Single or multiple reel Rigid 
Netic Enclosures available in many convenient sizes and shapes. 


| 4 


Composite pho- 
to demonstrat 
ing that mag 
netic shielding 


py Netic 
(.014" and up 
in thickness) 
Shielded Rooms 


Thin pliable foil wraps easily 
around magnetic tape, maintain- 
ing original recorded fidelity. ° 7 . 


and Enclosures 
for safe, distor 
tion-free stor 
age of large 
quantities of re 
corded magnetic 
tapes 


Write for 
further details 
today. 


478 CIRCLE 478 ON 
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qualities of 
Rigid Netic Alloy 
Material are not 
significantly af 


fected by vibration, shock (including dropping or 
bumping) etc. Netic is non-retentive, requires no periodic 


annealing 


MAGNETIC SHIELD DIVISION PERFECTION MICA CO. 


1322 No. Elston Avenue 


Chicago 22, Illinois 


Cuts readily to any shape with | 
ordinary scissors. 


Wraps ecslly. 


“~ 


Inserts readily to convert 
existing non-shielding 
enclosures 


Shielding cables reduces 
magnetic radiation or 
pickup 


This “Diamond H” 


ie | 4 
[ Checklist of 
Wille oageae Reliable Controls 


outside magnetic 
interference. 


. Relays, Thermostats, 
Switches . 


meet your specific require- 


. engineered to 


ments in a wide variety of 
applications including air 
conditioning, appliances, air- 
craft, missiles, machine tools, 
panel boards, heater and mo- 
tor control circuits, and many 


others 


Ask also for our new applica- 
tion data sheets on Series R 
and Series W Relays, and 
Rotary Switches. 


“HART 


MANUFACTURING COMPANY 
273 Bartholomew Ave., Hartford 1, Conn. 
Phone JAckson 5-3491 
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SPEEDS OF LESS 
THAN 50 R.P.M. 
CAN NOW BE 
ACCURATELY 

DETECTED WITH 

NEW 
DIFFERENTIAL 
») AV (a- 
DEVELOPED BY 


peel ie. 





| (1-131) Footswitches 
| Gives ratings of explosion proof, water 


RICAL AND ELECTRONIC COMPONENTS 


catalogs and bulletins 


(1-128) Balanced Armature Relays—Cata 
log, 14 pp. Provides dimensions, specifica 
tions of relays designed for extreme en 
vironmental conditions of missile and elec 
tronics applications. Leach Corp, Leach 
Relay Div; 5915 Avalon Blvd, Los 
Angeles 3 

(1-129) Crystal Can Relays—Bulletin, 4 
pp. Describes subminiature, hermetically 
sealed relays to meet extreme environ 
mental requirements. Leach Corp, Leach 
Relay Div, 5915 Avalon Blvd, Los 
Angeles 3. 


(1-130) Power Contactors—Bulletin, 4 pp 
Describes rotary, balanced armature relay 
for extreme environments. Leach Corp, 
Leach Relay Div, 5915 Avalon Blvd, Los 
Angeles 3 


Catalog, 8 pp 


tight, dc, other models for light to heavy 


| duty. Linemaster Switch Corp, Wood 
| stock, Conn 


(1-132) Electronics Transformers— Bulletin, 
4 pp. Illustrates several models of high 
power pulse transformers and tabulates 
specifications. Lockheed Electronics Co, 
Stavid Div, Rte 22, Plainfield, NJ 


(1-133) Fuses—Bulletin, 8 pp. Furnishes 
characteristics curves for current limiting 
fuses with high interrupting capacity and 
long time lag. Bussmann Mfg Div, 
McGraw-Edison Co, University at Jeffer 


son, St. Louis 8 


(1-134) Nickel-iron Batteries—Bulletin, § 
pp. Explains theory of operation, con 
struction, uses. Also table of electrical 


continued | 


ee eeieeeetiene 


> > - 
Rugged, Precision 


MINIATURE 
‘THERMOSTATS 


For your 
precise 


applications: 
MODEL 13 


MISSILES 


ELECTRONIC 
CONTROL 


© AIRCRAFT 
© COMPUTERS 
@ AUTOPILOTS 


UC UNNTEI 
PROTECTION 


MODEL 11 


* Hermetically Sealed 
* Strain Relief Protected 


The quality of Ulanet miniature ther- 
mostats has been proved by years of 
dependable operation under the most 
extreme conditions. Their inherent ac- 
curacy and rapid response has been the 
leading reason for their final choice in 
so many critical applications. Get in 
touch with Ulanet for the answer to 
your heat control problems. 


NEW! 


Hermetically Sealed 
Surface-Sensing 
Miniature Thermostat 
The only unit that meets the most strin- 
gent aircraft and military applications. 


Send for Bulletin 100 for full details and 
dimensional drawings 


data, weights and dimensions of different 
models Thomas A_ Edison Industries, 
McGraw-Edison Co, Storage Battery Div 
W Orange, NJ 


(1-135) Capacitors—Catalog, 16 pp. Pre 
sents specifications, dimensions and tem- 
perature characteristics of subminiature 
capacitors designed for extreme conditions 
and high reliability. Electron Products, 
Div of Marshall Industries, 430 N Hal 


stead St, Pasadena, Cal 


FM Series—The only metal thermostats that with 
stand mechanical clamping or pinching of cor 
tridge without affecting set calibration. 


- « « detects 1 to 4 different 
speeds (high and low limits, cr 
single limit on each circuit ). De- 
signed for low speed applications vironmental characteristics of snap-lock 
of less than 100 rpm. Inquire and = friction-held 
about SYNPROTEX DIFFER- nectors. Electro-Physics Laboratories, Div 


Er eRe BC cg | of Mahal Indasts, 1900 Walker Ave 
Monrovia, Cal 


detectors for speeds from 100 
to more than 15,000 rpm. 


TORQ 


ENGINEERED PRODUCTS, INC. 
60 W. Monroe Street © Bedford, Ohio 
Phone: BE 2-4100 


76 continued 


(1-136) Coaxial 
pp. Presents dimensional standards, en 


Connectors—Catalog, 5 


microminiature con 


FM Series 
Write for Technical Data Sheets 


| (1-137) Resistors and Rheostats—Catalog, 
| 20 pp. Contains illustrations and data on 
wire-wound designs such as dust proof, 
caged, taper wound, printed circuit and 
| terminal types and others. Tru-ohm Prod 
| ucts Div, Model Engineering & Mfg, Inc 
2800 N Milwaukee Ave, Chicago 18 GEORGE ULANET COMPANY 
424 Market St., Newark, N. J. 
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ELECTRICAL AND ELECTRONIC COMPONENTS 


"Need SPECIAL Automation 
PORE M IIE Components 


see MINIATURE 


ESCO of WEYMO U TH . PHOTOELECTRIC SCANNER 


Proximity sensor Type 
SA-1R contains light- 
source, photocell, and 
an infrared filter, all 
in a small anodized- 
ESCO standard components aluminum housing 
with standard four- 
are assembled to meet _— prong connector. The 
your requirements. iss solid-state photocell 
is sensitive, sturdy, and sealed for protection 
A deviat f sof > een against moisture, dust, or corrosive atmos- 
© Gevialion from one Of Our standard = pheres. This scanner operates on reflected 
switch assemblies will give you a special _ light, is responsive to metallic and non-metallic 
switch at a standard-switch cost objects. Two models available. Write for 
, : Bulletin 260-A. 
Over 90% of our production is special ‘ ee 

: a , s. ype ax nsing Lamp rating 
in one way or another. ~ SA-IR up to2 inches 5 v. a-c 60,000 hrs. 
~ SA-IRM —_upto6inches 2v.a-c 5,000hrs. 


TYPE JR 








gear- 
operated 


o& 
TYPE JR al q st : ra 
! | : i. COOOeE: 


These standard switches can be 
modified to fit your application 
®@ Type A — up to 8 positions, 7 sections 
maximum, detent mechanism, rating 5 
amp. 125 volts a-c/30 volts d-c 
Type AF — up to 8 positions, 6 sec- Short-range scanner SA-1 and medium-range 
tions maximum, detent action, rating scanner SA-1M consist of two units, the light 
with resistive load 5 amp. at 28 volts source and the photocell unit. These smali-size 
d-c or 115 volts 400 cps, per MIL- scanners have adjustable focus of light-beam 
S-6807 for high-precision scanning of rapidly moving 
Type P — Multi-section, up to 4 posi parts, with beam-interruption by '/;2” objects 
tions, snap-action, rating 10 amp. 125 Eyeshade and infrared filter available to in- 
volts a-c, 5 amp. 125 volts d-c, 30, 60, crease range and effectiveness. Write for 
100, 200 amp. 500 volts a-c, or 250 Bulletin 659 
volts d-c. Can be assembled to meet 


Specification MIL-S-15291. Type Max. Sensing Lamp rating 
SA-1 upto 4 feet*) 6 v. a-c 5,000 hrs 


geared - . oA. i 
pair Type IR =e Up 8 pastrons, 30 sec- SA-1M up to 12 feet*) 5 v. a-c 5,000 hrs 
TYPE HT tions maximum, detent action, rating 10 > can ba MEUM Ge deine EUROS one 
. 9 , . » , . . can i 
amp. 125 volts a-c, 5 amp. 125 volts d-c. infrered filter 
Type JK — 16 pos., 10 sec. max.; detent 
action; 5 a. 125 v. a-c. Mfg to BuShips PHOTOELECTRIC RELAYS 


815-1853013 and MIL-S-21604. Type PE3 — General- For use with photoelec 
Type , ” purpose relay tric scanners; provide 
Type HT — up to 16 positions, 10 sec- Type PE4 — High-speed- suitable light-source 
tions maximum, detent action, rating 5 impulse relay voltages; OPDT load 
amp. 125 volts a-c Type PES — Time-delay contacts handie 8 am- 
Sele f relay peres (non-inductive) at 
Geared-Pair Type HT — up to 16 posi- Type PE7 — Photo- 115 volts a-c 
TYPE JK tions, 20 sections maximum, detent ac- electric timer 
tion, rating 5 amp. 125 volts a-c. A 
single knob controls two Type HT CK ELECTRONIC TIMERS 
switches assembled w a gei nech- Model 120 General- 
7 — - ed ith a a = “ Purpose timer features 
anism. ~ cold-cathode tube and 
Navy Switches — to MIL.-S-15291 and ee aye 
, . ; " =. 90)9 enclosed plug-in ; 
Bureau of Ships drawings 9000-S6202- coe camen bets Guedes 
73075, 73826, 73827, 73295, 74422, and of operation, including 
others. repeat-cycle timing 
(Size 4%” x 3%” x 


Write for data sheets on individual 3%”.) For information 
switches or complete new catalog on ESCO on timers write for 
rotary multipole switches. Send us your Bulletin 120 
requirements and we'll give you full specifi- SYNCHRONOUS CONTACTORS 
cations on the Esco switch that meets 
your need. Rotating camshaft actuates distributor-type 

switches. Single and double-circuit models 
available. Write for Bulletin “Rototimer”. 


Whatever your problem in Automation Com- 


| aT of @ | Pi, £m Ai Le, T ponents, FARMER can help you. 
wnnecrae swivcn cour a ee [er 


ith (Boston 88), Massachusetts 
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BEAT THE HEAT 
PROBLEM 


lal 


HOTWATT 


CARTRIDGE HEATING UNITS 
for fast r, more 


econeentrated heat 


Next time you require intense yet 
localized heat in any of your equip- 
ment, specify Hotwatt cartridge heat- 
ing units. Hotwatt cartridges come in 
a wide range of standard and special 
types and sizes to give you heat where 
you need it in a hurry. 


And, as an added bonus, Hotwatt’s 
unique manufacturing process assures 
faster deliveries to your plant. Hotwatt 
has in-stock all the necessary materials 
to process your orders quickly. 


Hotwatt cartridges are designed for 
long, trouble-free service. Standard 
units feature precision-made stainless- 
steel sheaths; maximum surface tem- 
peratures to 1250°F.; etched, not 
stamped, designations to preserve 
accurate shape; moisture resistance ; 
maximum heat transfer and minimum 
core temperature; heating element 
supported on superior ceramic and 
solidly packed with magnesium oxide. 


Discover for yourself what so many 
other companies have found out: 
Hotwatt units are your best buy in 
cartridge heaters. 


WRITE 


nULITALS 


HOTWATT, INC. | 


75 MAPLE ST., DANVERS, MASS. 


ELECTRIC HEATING SPECIALIST 
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catalogs and bulletins continued 
(1-138) Indicator Lights—Catalog, 16 pp. 
Gives dimensions and circuits for 44 word 
indicator lights. Master Specialties Co, 
956 E 108 St, Los Angeles 59. 


(1-139) Transistor Coolers—Bulletin, 8 pp 
Contains curves and sample calculations 
for choosing cooler on which circuitry is 
mounted. Modine Mfg Co, 1612 De 
koven, Racine, Wisc. 


(1-140) Small Gearmotors—Bulletin, 5 pp. 
Provides dimensions, torque curves for 
slow speed output motors suitable for dis- 
plays, vending machines. Motoresearch 
Co, Racine, Wisc. 


(1-141) Electrical Clips—Catalog, 8 pp 
Presents test clips in sizes ranging from 
miniature to 300 amp capacity. Mueller 
Electric Co, 1553W E 31 St, Cleveland 
14 


(1-142) Miniature Tube Sockets—Catalog, 
4 pp. Provides dimensions and specifica 
tions of molded glass-bonded mica and 
ceramoplastics sockets. Mycalex Corp of 
America, 125 Clifton Blvd, Clifton, NJ. 


(1-143) Commutation Switches — Catalog, 
8 pp. Describes motor driven commuta 
tion switch for applications such as com- 
puters, telemetering. Mycalex Corp of 
America, 125 Clifton Blvd, Clifton, NJ. 


(1-144) Insulators—Catalog, 26 pp. Pro- 
vides electrical and mechanical character 
istics and applications of high temperature, 
high frequency insulators. Mycalex Corp 
of America, 125 Clifton Blvd, Clifton, NJ 


(1-145) Semiconductors—Data sheets, 22 
pp. Gives ratings and specifications of 
silicon rectifiers and regulators for use in 
power supplies, magnetic amplifiers and for 
circuit protection. North American Elec- 
tronics, Inc, 71 Linden St, W Lynn, Mass 


(1-146) Pulse Transformers—Catalog, 26 
pp. Presents theory, application guide, 
suggested circuits, and testing procedure 
Pulse Engineering, Inc, 560 Robert Ave, 
Santa Clara, Cal. 


(I-147) Insulated Wire—Catalog, 44 pp. 
Presents dimensioned drawings, specifica- 
tions for insulated wire, cable, cord sets, 
harnesses, molded parts. Phalo Plastics 
Corp, 530 Boston Tpk, Shrewsbury, Mass. 


(1-148) Carbon Brushes—Catalog, 52 pp. 
Discusses brush design and maintenance; 
materials characteristics. Lists carbon grades 
and applications. The Ohio Carbon Co, 
12508 Berea Rd, Cleveland 11. 


(I-149) Magnetic Multiplier—Brochure, 4 
pp. Shows characteristics and circuit ap- 
plications of device combining a magnetic 
circuit and Hall-effect generator. Ohio 
Semiconductors, Inc, 1205 Chesapeake 
Ave, Columbus 12, Ohio. 


continued 
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WET or DRY 


Resistance is high 


... wih LUNDEY 


miniature hermetic terminals! 


#199 miniature hermetic termi- 
nals give excellent perform- 
ance under conditions of high 
humidity. 

In an average test the fol- 
lowing results were tabulated: 





Relat 
Humidity Temp. 


90% 80°F “1,000,000 megohms 
50% 80°F 3,000,000 megohms 


Insulation Resistance 











OTHER FEATURES 
Mounting in simple drilled or punched 
holes... no extrusion needed. 
Effective spring loading 
Teflon external member 
Silicone or neoprene core 


Minimum mounting — 15/64” on 
centers 


Voltage rating — 500V RMS operating 
Current rating — 8 amperes 

Three electrode styles available 
Production-proved 

Meets MIL-T-27 specifications 


if humidity creates a problem for you, let Lundey 
terminals help you solve it. Write for Bulletin #199, 
Dept. E. 


L. iy Ba 1956 Mares 


694 Main Street, Waltham 54, Mass. 





ed ELECTRICAL AND ELECTRONIC COMPONENTS 


This compact stabilizer design 
occupies a minimum of space and is especially adapt 
able as a component in electronic devices where output 
voltages must be maintained + 1% of normal. Avail 
able in ratings of 15, 25, 50 VA. 
Input voltage: 95/130 
Output voltage: 120; 6.3 


For applications requir- 
ing steady-state voltage 
for laboratory use or 
electronic circuitry this 
heavy duty design is 
available in the follow- 
ing stock ratings and 
voltage ranges. 


Capacities: 100; 200; 300; 500 VA 
Input voltage: 95/130; 190/260; 190/260 


Ourput voltage: 120 120 240 


This unit has been designed 
to provide instantaneous 
response to voltage fluctua- 
tion in large loads. Voltage 
output regulation between 
no load and full load is 
constant regardless of input 
voltage. Current limiting 
protection under overload 
conditions. 


Available in ratings of 

1000 and 2000 VA 

Input voltage: 

95/130; 190/260; 190/260 
Output voltage: 

120; 120; 240 


ACME ELECTRIC CORPORATION 


689 Water St. © Cuba, N. Y. 


In Canada: Acme Electric Corp. Ltd. © 50 Northline Rd. © Toronto, Ont. 


SAA 3420/1873 
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DESIGN 
TIMING 
RELIABILITY 
INTO 
YOUR 
CIRCUITS 


specify... 


NEW MINIATURE AGASTAT’ 


time] delay | relays 


® Recycling virtually instantaneous—less than .020 seconds 

® Unaffected by Voltage fluctuations (from 18 to 32 volts DC) 

® Repeat Accuracy +5% 
This new AGASTAT meets the environmental requirements of MIL-E- 
5272A. Built to withstand the rugged conditions of missile and aircraft 
applications. Lightweight—less than 15 ounces. Space saving—45%” 
tall... 1'%6” wide... 114” deep. Adjustable, with time delays from 
.030 to 120 seconds. Choice of operation for energizing or de-energiz- 
ing. For complete specifications, write Dept. A37-637. 


AGASTAT TIMING INSTRUMENTS 


ELASTIC STOP NUT CORPORATION OF AMERICA 
1027 NEWARK AVENUE, ELIZABETH 3, NEW JERSEY 
CIRCLE 679 ON READER SERVICE CARD 


THERINOCOUPLES 


THAT WILL WITHSTAND 


cieleley a 


UP TO 50,000 PSI 








NEW, SIMPLE 
CONSTRUCTION 


A metallic sheath compressed 


over ceramic insulated wire. 
Sheath can be bent and 
weldments can be performed 


without loss of insulation. 





3.8A for complete 
thermocouples. 


Write 
for new 4 for AEROPAK 
Ceramic Insulated 


Bulletins wire. 


Chiro isearehe 
teee a'r U4 be COMPANY, Inc. 


DEPT. P.E.D., 315 NORTH ABERDEEN ST. @ CHICAGO 7, ILL. 


Sales Representatives throughout the United States and Canado 
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catalogs and bulletins continued 


(1-150) Commercial 
pp. Contains 


Relays—Catalog, 16 


dimensions and character 
istics of relays ranging from midget to 
heavy duty Leach Corp, Leach 
Relay Div, Avalon Blvd, Los 


Angeles 3 


types 


5915 


(1-151) Meters and Relays—Catalog, 26 
pp. Provides electrical specifications and 
dimensions of and 
type panel meters and aircraft relays. Phao- 


15] 


military commercial 


strom Instrument & Electronics Co, 
Pasadena Ave, S Pasadena, Cal 


(1-152) Motor-Tach 
Provides performance 


Generator — Catalog, 
16 pp curves, di 
electrical and me 
chanical characteristics. John Oster Mfg 


Co, Avionic Div, 1 Main St, Racine, Wisc. 


mensioned drawings, 


(1-153) Synchros—Catalog, 16 pp. Presents 
electrical characteristics, dimensioned draw 
15 synchros for military 
and aircraft use. John Oster Mfg Co, 
Avionics Div, 1 Main St, Racine, Wisc. 


ings of sizes 5 to 


(1-154) Servomotors—Catalog, 20 pp. Lists 


physical, electrical, mechanical character 
furnishes dimensioned drawings of 
servomotors for scientific, 
military and aircraft use. John Oster Mfg 


Co, 1 Main St, Racine, Wis« 


istics; 


sizes 8 to 29 


(1-155) Electronics Components—Catalog, 
14 pp. Describes dimensional and electrical 
characteristics of miniaturized layer-wound 
Also 
noise filters and power supplies. The Potter 


Co, 1950 Sheridan Rd, N Chicago, II] 


apacitors for high temperatures 


Data sheets, 10 
subminiature 


(1-156) Relays, Switches 
pp. Gives data on miniature 
relays rotary 


North 
Galion 


stepping and 
Electric Co, 
( Yhio 


switches 


Market St 


(1-157) Induction Resolver—Catalog, 23 
pp. Explains theory behind the device and 
some sample applications. Used as phase 
shifter or to 
putations, for exampl 


City, 


perform tngonometric com 
Reeves Instrument 
Corp, Garden NY 


Coated Raceways—Bro 


Gives physical, electrical, 


(1-158) Plastic 
hure, 22 pp 
thermal and chemical properties of con 
duit designed for corrosive conditions 
Republic Steel Corp, Steel & Tubes Div, 
224 E 131 St, Cleveland 8 


Pro- 


galvanized, en 


(1-159) 


V ide s 


Raceways—Brochure, 8 pp 
specifications for 
ameled conduit and plastic piping 
Republic Steel Corp, Steel & Tubes Div, 


224 E 131 St, Cleveland § 


stee] 


(1-160) Electronics Cooling Fans—Bro 


chure, Provides performance curves 
and specifications for small fans using 400 
cps power, larger ones using 60 cps power 
Rotron Mfg Co, Inc, 
Woodstock, NY 


S pp 


Schoonmaker Lane, 


continued 
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PRODUCTS 


NEW ! 
MH-2-P Magnetic Switch 


A new and improved sensing de- 
vice . . . neatly contained in an 
epoxy resin shell. The MH-2-P is 
ideal for industrial applications 
and is easier to mount in areas of 
limited access. A quick discon- 
nect Cannon connector eliminates 
elbow type construction. 

The new epoxy resin housing 
results in less magnetic flux and 


RiX418 RLX-617 
’ 





ee I © ; 
=. 


~ 
RLX-610 
’ 

a "ge 


ve 


' 


increased sensitivity. As a con- 
sequence, smaller magnets can be 
used and manufacturer reports a 
minimum magnetic field transient 
time of only 8 milliseconds is 
needed to activate the switch. Op- 
erating life is in excess of one 
billion operations. 


Write For Bulletin MH-2-P 


POST ELECTRONIC PRODUCTS 


Division of Reid Brothers Company, Inc 


12 LOTHROP ST 


BEVERLY, MASS 
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For the latest advances in data illumination, read: 


DIALIGHT CORP. 
60 Stewart Ave., Brooklyn 37, N.Y. 


! 

I 

| 
j 1 
\ 


Please send __ 


by ( TN Kee) 


The only Brochure devoted especially to 
visual indication by means of read-out 
lights, data display, placard lights, word 
and number discs, lenses-with-legends, etc 
Applications: data processing, computers, 
automation, motor-controlled devices 


automatic merchandising . .. Comprehensive, 


colorful. For a free copy, mail coupon now 


PED 


copies of “Lights that Enlighten”. 


Name 


uvfocturer of Pilot Lights 


DIA 


Position 


IGAT 


Address 


60 STEWART AVE.. BROOKLYN 


HYACINTH 7-7600 


ee 


Zone__ State 
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Fenwal Precision Temperature 
Control and Detection Devices 


CONTROL ELEMENTS OF THERMOSWITCH® UNITS 


In Standard Types and Sizes, also Midget and 
Miniature Units, control is based on a simple 
and unique differential expansion principle. A 
single-metal shell always in direct contact 
with the medium being controlled, contracts 
or expands instantly with temperature 
changes, making or breaking totally enclosed 
electrical contacts. 

In Snap-Action Units, control is provided by 
an expandable liquid acting on a bellows as- 


ELECTRONIC CONTROLLERS 


Thermistor Indicator Controller 
(Series 560). For industrial or 
laboratory applications. Sensitiv- 
ity 0.25% of scale range. Temper- 
ature ranges —100°F to +600°F. 
Proportional and on-off control. 
Bulletin MC-140. 


Unit Thermistor Controls (Se- 
ries 535). For all modern control 
equipment, systems and proces- 

ses. Utilizes temperature-resistance property of 
thermistors in transistorized circuit for precise 
control and reliability. Bulletin MC-179. 


NEW TEMPERATURE INDICATING 
CONTROLLERS 


The New Series 541 bulb-and- 
capillary controllers offer sin- 

gle or dual switch control, 
choice of four snap-switch 
types and five temperature 
ranges: —150°F to +200°F, 
50°F to 200°F, 50°F to 300°F, 
50°F to 400°F and 50°F to 
700°F. Special ranges avail- 
able on request. Corrosion- 
proof capillaries and bulbs assure 
long life and easy operation. Explo- 
sion-proof modification available for 
single switch models. Bulletin MC- 
176. 


sembly. The bellows motion, actuated by vol- 
ume changes of the liquid, operates the switch 
contacts through a push rod. In Fenwal units, 
the liquid is outside the bellows, adjacent to 
the shell, for shorter heat transfer path and 
greater sensitivity. 

In all Units each contro] setting is easily ad- 
justable. High resistance to shock and vibra- 
tion is characteristic, together with hermetic- 
sealing and many different temperature 
ranges. 


INDUSTRIAL UNITS 


A standard, cartridge type 

THERMOSWITCH unit. Com- 

pact, self-contained in a 
wide variety of mounting heads for temperatures 
ranging from —100°F to +400°F, or —100°F to 
+600°F. Also furnished in higher ranges. Bulle- 
tin MC-177. 


_ MIDGET AND MINIATURE UNITS 
; FOR TIGHT SPOTS 


Midget Units. Outside stain- 

less steel shell diameter of 

¥,” provides high sensitivity 
and resistance to vibration, assuring accurate 
control under severest conditions. Temperature 
range: —50°F to +500°F. Bulletin MC-124. 


Miniature Units. Sugar-lump 
size, with stainless steel shell 
plus high sensitivity and vi- 
bration resistance. Tempera- 
ture range: —20°F to +2756°F. 
Available in adjustable and 
hermetically-sealed types. Bul- 
letin MC-124, 


SNAP-ACTION UNITS 


Single and Dual Types. Single has 
one snap-switch, dual has two. For 
high current applications, controls 
loads up to 20 Amps, 125 Volts D.C., 
or 10 Amps, 250 Volts A.C. without 
relays. Liquid-filled sensing element 
assures minimum heat transfer 
path, fast response, control within 
+2°F. Thousands of variations pos- 
sible. Temperature ranges: from 
—75°F to +300°F. Single Type Bul- 
letin MC-120. Dual Type Bulletin 
MC-148. 


For complete information about Fenwal devices, or 
about modifications for special applications, write us. 


Fenwal Incorporated, 31 Pleasant St., Ashland, Mass. 


CONTROLS TEMPERATURE 


rESQGtgeet ¥ 
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bits 


MODEL PA208 


miniature absolute 
pressure transducer 


MODEL PG10 


MODEL PA401 


pressure transducer 


MODEL PM80 


pressure transducer 


MODEL CA9-0 


signal amplifier 


ELECTRICAL AND ELECTRONIC COMPONENTS 


Statham ke cw | eels 


Supersonic aircraft and missile industries demand 
extremely accurate and reliable instruments for 
testing and guidance. Engineers faced with these 
requirements consistently turn to Statham for lead- 
ership in the advancing art of instrumentation. 

Statham products offer the instrumentation engi- 


MODEL A5 


linear 


accelerometer 


gage pressure 
transducer 


SS RR a - 


9 


¥ volt output 


bi-directional 
differential 


= 


strain gage 





ne meme eta ger re men 


neer the following benefits: Infinite resolution — 
Highly linear output — Minimum hysteresis — Ex- 
cellent repeatability — Low response to extraneous 
vibration and acceleration — Unprecedented relia- 
bility and operating life — The convenience of elec- 
trical calibration and checkout. 


RANGE: +2 to +1,000 ¢ 

The model A5 accelerometer is versatile, easy to 
mount, and designed for applications in which high 
frequency response is important. Requiring an 
excitation of 9-12 volts, DC or AC, this model 
has an output of from +35 to +55 millivolts. 
This is a ruggedly constructed instrument. Weight: 
4 0z., approx. 


RANGE: 0-5 to 0-1,000 psia 

This flush diaphragm unit can be converted into 
a chamber-type pressure transducer, if required, 
with the use of interchangeable adapters, offered 
in the Statham catalog. This unit is well suited for 
applications where high frequency response is 
required. Its combined non-linearity and hysteresis 
error is guaranteed to be less than 0.75% of full 
scale. Weight: 1 oz., approx. 


RANGE: 0-50 to 0-10,000 psig 

Designed to offer a large selection of ranges with 
excellent over-range protection, this mena pres- 
sure transducer may Ss used, for example, in the 
measurement of surge pressures in airborne hy- 
draulic systems. This model is used for the meas- 
urement of gage pressures. Weight: 17 oz. approx. 


RANGE: 50 to 5000 psia 

Designed for sophisticated instrumentation, the 
rugged \% volt transducer series, permits direct 
connection or commutation to low level voltage- 
controlled oscillators. This model meets critical 
missile application specifications and permits ac- 
curate measurements of pressure impulses with ex- 
tremely short rise times. Weight: 3%4 oz. approx. 


RANGE: 1.0 to 5,000 psid 

The unique construction of this pressure trans- 
ducer pram the introduction of corrosive liquids 
to both the reference and the positive pressure 
ports. This model is available in wide ranges, and 
maximum line pressures of 9,000 psig can be ap- 
plied. Over-range protection in both directions is 
provided. Weight: 12 lbs., approx. 


OUTPUT: —0.5 to +5 volts DC 

Statham has drastically reduced the size and 
weight of strain gage amplifiers in this completely 
transistorized model. Less than 8% cu. in. in size, 
the unit provides for total utilization of low-level 
signals, is more reliable in adverse environments 
than larger amplifiers and retains the precision re- 
quired in current aircraft and space vehicles. 
Weight: 8 oz. approx. 


For further information on these instruments, or other Statham products, please write to the sales engineer in your area, or Statham, Dept. PE-922-1. 


STATHAM INSTRUMENTS, INC. 


12401 W. Olympic Boulevard, Los Angeles 64, California 
TWX: West Los Angeles Cal 6602 


GR 8-0361 — BR 2-0371 
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STRAIN GAUGE INSTRUMENTATION 


for measurement of: 


PRE S$ & a s & 
P.O RR ee 
ee ee ee ee, 
Fr i Oa 


straight line thru end points) | 


®@ Low iemperoture effect on sensitivity 
{os low as Yoo percent/FS/deg F) 


® Low hysteresis 
(less than % percent of FS output) 


@ Generous overload protection 
@ All transducers are high-temperature 


tested at 300°F, 


Catalog available on request. For further information 
regarding your specific application write to: 


f DYNISCO INC. 


| 
42 CARLETON STREET @ CAMBRIDGE 42, MASSACHUSETTS 
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mark any wire — 
faster, at lower cost! 


BRADY PERMA-CODE WIRE MARKERS 


Self-sticking — go on fast to any type wire. Tell which 
wire goes where. Cost less than Yg¢ per lead. All-vinyl, 
polyester film, glass cloth, aluminum foil, vinyl-cloth. 
Color coded to meet NEMA specifications. 

Send for free DESIGN IDEA KIT — contains self-bonding name 
plates, self-sticking identification, full details in automatic mark 
ing equipment 





w.n. CICILVOM co. 


Manufacturers of Quality Self-Sticking Industrial Products 
729 W. Glendale Ave., © Milwaukee 9, Wisconsin © Est. 1914 


90 
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For 


Direct Control 


at Shaft 
speeds as 
Low as 2RPM 


2000 SERIES 


ZERO SPEED SWITCHES 


Control at slow shaft speeds (as low as 2 RPM) 

poses no problem with internally geared DAZIC switches. 

Other standard models can be driven at speeds 

through 5,000 RPM, at temperatures from —20° F. to +250° F., 
will withstand considerable vibration. No complicated 

speed reduction hook-ups required, either; 

units are ideal for direct control. Nor are severe operating 
conditions any handicap; compact “‘sealed-in”’ 

construction permits wide use throughout industry. 


DAZIC 


THE WINTERBURN MANUFACTURING COMPANY 
P. O. Box 386, Putnam, Con 


Request 
descriptive 
bulletin. 
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‘MINIATURE 
PRECIOUS METAL 


CONTACTS 


For MAXIMUM 
PERFORMANCE 


Slip Ring Micro Brushes 
Spring: Rivets 


GENERAL FINDINGS 


Sales Off New York 


Attlebor 


ago + Los Angeles * 


For prompt quotations to your print and 
specifications write: 


65 Pearl Street, Attleboro, Mass. 
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catalogs and bulletins continued 
(1-161) Heating Elements—Brochure, 4 
pp. Describes construction, physical char 
acteristics and applications of woven flex 
ible resistance wire type. Safeway Heat 
Elements, Inc, Middlefield St, Middle 
town, Conn 


(1-162) Relays—Brochure, 4 pp. Contains 
specifications table covering commercial 
high contact load types to missile sub 
miniatures. Also stepping motors, other 
devices. Sigma Instruments, Inc, 170 Pearl 
St, S Braintree, Mass 


(1-163) Frequency Counters—Brochure, 16 
pp. Describes basic counter with 10 cps to 
10 me range and accessories to extend 
range and versatility. Northeastern Engi 
neering, Inc, 25 S Bedford St, Manchester, 
NH 


(1-164) Panel Instruments—Bulletin, 8 pp 
Specifications are given for such instru 
ments as voltmeters, ammeters, wattmeters 
VU meters, galvanometers and others 
Simpson Electric Co, 5200 W Kinzie St, 
Chicago 44 


(1-165) Panel Meters—Brochur 4 pp 
Gives dimensions, ranges, illustrations of ac 
and dc voltmeters, ammeters, wattmeters 
ind others. Simpson Electric Co, 5200 W 
Kinzie St, Chicago 44 


(1-166) Electrical Supplies — Catalog 

pp. Furnishes descriptions and specifica 
tions of wire able, harness, flexible con 
nectors, conduit supports, commutator 
equipment and other ele 
ts. Sittler Corp, 18 N Ada St, 


maintenance 


(1-167) Potentiometers—Chart. Lists ek 

trical, mechanical characteristics, dimen 
SIONS environmental spe ifications met 
for wire-wound precision potentiometers 
Spectral Electronics Corp, 1704 S Del 


Mar Ave, San Gabriel, Cal 


(1-168) Potentiometers—Catalog, 100 pp 
Furnishes 


ristics of single and multiturn wir 


mechanical and electrical char 


wound, linear and nonlinear precision 
potentiometers. Spectro] Electronics Corp 
1704 S Del Mar Ave, San Gabriel, Cal 
(1-169) Raceways—Bulletin, 8 pp. Shows 
dimensions, installation methods for modu 
lar panel raceways. Stahlin Brothers, Inc, 
Belding, Mich 


(1-170) Variable 


pp. Gives circuits, dimensions, ratings 


I'ransformers — Catalog 


panel, bench, gaged, motor-driven 


Standard Electrical Products Co 
2240 E Third St, Dayton, Ohi 


(1-171) Tube Shields and Retainers—Bul 

, 6 pp. Describes varieties for different 
connection methods and 
with several finishes. The Staver (¢ 41 N 
Saxen Ave, Bay Shore, NY 


chassis. tubes 


tinued 





LAMIWNAT € OD 


CONTACT 
MATERIALS 


All Contact 
Materials i 
are Specials! 


When you need top quality and fast 
service, specify Leach & Garner. All mill 
shapes and types available, including 
toploy, thrulay, inlay, overlay, edge- 
lay, wire and tubing with alloys of 
Gold, Silver, Platinum and Palladium 
Also ovailable are silver and gold 
solders, silver and laminated wove- 
guide tubing, precision rerolling and 
redrawing of non-ferrous metals 
Engineering assistance available 
Quotatiéns rendered promptly 
We build our business 
on prompt deliveries at 
competitive prices 


INDUSTRIAL DivisSton 
ATTLEBORO, MASS 


each & @ arner 


SALES aa ES 
NEW YORK @ CHICAGO @ LOS ANGELES 
CLEVELAND ® DAYTON ®@ DETROIT 
For prompt quotations to your print and 
specifications write 


65 Pearl Street, Attleboro, Mass 
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11,600 Standard Sizes Printed Circuitry by EPEC meets the rigid 


specifications of use in missiles, guidance systems, 
and Shapes WITH NO TOOLING COST! omputers and quality instruments from THREE 
separate and complete facilities: plants in Needham 
Heights, Natick, Massachusetts, and Encinitas, 


California product 


PRINTED WIRING 
PRINTED CIRCUIT ASSEMBLIES 
CU-CON PLATED HOLES 
FLUSH CIRCUITS WITH CU-CON PLATED 
HOLES 
FLEXIBLE CIRCUITS 
PROTOWIRING DEPARTMENTS service rush 1 
quirements 
PROTOWIRING GRID CHART SYSTEM facili 
tates design and procurement of printed wiring 
Choose from more than 11,600 sizes, shapes and heights Designers and manufacturers of PROTOMAKA, the 
of square, round, rectangular boxes and covers — laboratory unit for “do-it-vourself processing of 
pay no tooling charge! All can be trimmed and modified printed wiring boards 
to your specification .-. . brackets and fasteners can be a mre rer ee 
installed, holes and louvers punched, etc. Complete facilities ELECTROLUBE, a conductiy lubricant for eles 
for welding and painting too! Send print or contact your trical contacts 
Zero Representative for quote on custom deep drawn 
parts using the exclusive Zero-Method tooling, 


WRIFE FOR NEW ZERO STOCK BOX CATALOG 34 Electrolab Printed Electronics Corporation 


—™ 
\ Main Offices Western Division 
Tero ; ZERO MANUFACTURING CO. j= seed ann 
1121 Chestnut Street Burbank, California | 9 i 173 “A” Street 1103 Second Street 
+“ Telephone Victoria 9-5521 » TWX 9862 ane Needham Heights 94 Encinitas 
Massachusetts California 
Tel.: Hillerest 4-3912 Tel.: Plateau 3-1181 


~ 


representatives in 26 key cities covering the U.S. 
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Proven, Dependable, Rear-Projection Type } 


SED 20, 


A Model and Size for 
Your Every Requirement 


Series 80000 





PRICES 
Series 10000 Series 10000 


WIRES M ARKED Series 120000 
OUTSTANDING FEATURES 
© All digits displayed on - 
front viewing screen 
PERMANENTLY s ees © All digits uniform in size 3%” wide 


and intensity 1i'%e Pine 
ie” ton 


METAL IDENTIFICATION TAGS OF EVERY © High-contrast viewing screen | $39.00 each 
DESCRIPTION FOR MARKING CABLES, © Digit style of your choice =| sies 120000 


© Colored digits of your choice 1” wide 
LEADS, AND GROUPING WIRES 2 @ @ Individual units may be iit ioe 
TERMINAL TAGS are rapidly replacing obsolete string and paper group assembled for panel 
identification methods—they mark the end of identification problems! mounting $35.00 each 
Made of aluminum, steel, brass, or zinc, in a variety of styles and WRITE TODAY FOR Quantity Prices 
sizes. TERMINAL TAGS are easy to apply, and are used in the manu COMPLETE SPECIFICATIONS On Request 
facture of aircraft, radios, telephones, motors, generators, etc. They Representatives in principal cities 
can be or b d to cust specification. 


FREE SAMPLES AND LITERATURE UPON REQUEST INDUSTRIAL ELECTRONIC ENGINEERS, Inc 


NATIONAL BAND & TAG CO. IE 5528 Vineland Avenu 


P.O. Box 9-254, NEWPORT, KY. PHONE COlonial 1-2035 N eth Hollyw | 
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catalogs and bulletins continued 


- - ‘ ae - e - 
(1-172) Miniature Potentiometers — Cata- | ectrica ol in in bY 
log, 12 pp. Presents specifications, dimen- 
ions and wiring diagrams of potentiom- 


eters designed to meet military specifica .. ees... wire sizes #6 to #96 


tions. Subminiature Instruments Corp, 
3705 Sunnyside Dr, Riverside, Cal 








(1-173) Trimmer Potentiometers—Catalog, 
8 pp. Provides dimensions, wiring diagrams 
and specifications for miniature rotary 
types Subminiature Instrument Corp, 
3705 Sunnyside [fr, Riverside, Cal 


(1-174) Electronic Components—Catalog, 
34 pp. Provides dimensions, specifications 
and circuits for switche 

connectors. Switchcraft, Inc, 


ton Ave, Chicago 30 


(1-175) Semiconductors—Brochure, 8 pp. 
Provides characteristics of transistors, di- 
odes, microwave semiconductors, rectifiers 
and others. Sylvania Semiconductor Div, 
Sylvania Electric Products Inc, 100 Sylvan 
Rd, Woburn, Mass 





For 43 years . . . specializing in all types of coils to 


(1-176) Terminals—Catalog, 43 pp. Shows customers’ specifications. Design or engineering assist- 


terminals nnector cab t und hand ance available on request. 


tools and machinery r installation. The 


isis Neca... || COTO=COIL CO., INC. 


(1-177) Terminals and Connectors 
SINCE 1917 


De. ribes pr re fitted tv] 
61 Pavilion Avenue Providence 5, Rhode Island 








is hand and production to 





& 


; — ie tts Co, Inc, 16 Butler CIRCLE 688 ON READER SERVICE CARD 
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THOUSANDS 


(1-178) Semiconductors—( italog | OF STANDARD 
| imnish 5 CK Tl ST in Or tl ] SHAPES AND 
of silicor geri um SIZES 


devices such 


od othow, -Trawetron Phcctren. | MILITARY & COMMERCIAL TYPES 


Corp, 168 Albion St, Wakefield, Ma 


TA Clamps are available for any wire or 
= : , tube harnessing applications. Complete 
(1-179) Fuses—Catalog, 2 pp. Li pr range of sizes from Ye” to 6”, with or with- 
ratings and accessories. Trico Fuss out cushioning. Choice of aluminum or 
( 2948 N Fifth St. Milwauk steel. Exclusive TA ‘‘Wedge Seal’ gives 
“ added safety feature. 

“STANDARD CLAMPS COST LESS” 


(1-180) Heating Elements—Brochure 

a ative 3 bili aie aiaiaieae Write for free engineering 
np. Describes capabilities for mauactur | "TA MEG. CORP. ov: Writ for tree engineerin 
ing open coil and strip  resistan VJ Alger and Baywood Streets, Los Angeles 39, California aircraft and industrial 


elements. H W Tuttle & Co, 805 TWX Glendale, Calif. * WUX CAT Los Angeles, Calif clips, clamps, blocks, 
Evans, Tecumseh, Mich brackets, etc. 


(1-181) Porcelain Shapes—Catalog | STANDARD INSTRUMENT CASES 


Provides dimensions of shapes used in « 
trical installations. Includes cleats, tub Why- meee 2a CASES FOR CUSTOM EQUIPMENT 


knobs, others. The Universal Clay 


ucts Co, Box 1631, Sandusky, Ohio — TA Standard Instrument Cases are 
i 3 WEEK available in a wide variety of shapes 


, ' 
(1-182) Electrical Insulating Sleeving — DELIVERY — pre Ft i 
Brochure, 8 pp Provides 25 sample s with 9 ; time and money in adapting your 
instruments to TA Standard Cases, 
s1? W : made of lightweight aluminum. At 
of sizes and grades. Varilex Corp, 512 W ’ i “s tractive pre-designed, quality cases 
Court St, Rome, NY comply with MIL-T-945A, and are 
watertight to MIL-STD-108C, 
(1-183) Neon Glow Lamps—Catalog, 10 


pp. Furnishes specifications and price lists Write For These TA MFG. CORP. 


for lamps used for indicators and circuit = Free Brochures [oe 5 Alger and Baywood Streets DD-2 


components. Signalite Inc, Neptune, NJ On TA Standard Los Angeles 39, California 
Instrument Cases. mh, Glendale, om. 
Los Angeles, Cali 





brief descriptions of each. Includes tables 


continued 
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No other terminal block — sectional or one-piece 
gives you all the advantages of 


BUCHANAN 
MD sectional pres-SURE-blocks 


NO WASTE CIRCUITS—Reduce material costs, save space. Supplied assembled in 
20 snap-fit section lengths. Pull off or add groups for any length block. 
SMALLER INVENTORY—Only 2 different parts (contact and end sections). No 
running out of needed items. 
MORE CIRCUITS IN AVAILABLE SPACE—Increase contact capacity, decrease jump- 
ering. Group common wires (equivalent to 1 #22 thru 1 #8) in tubular contacts. 
Contacts on %«” centers. 10 circuits 4%6”, plus 2%” for each complete block. 
NO TERMINALS OR LUGS—Eliminate lugging costs. Tubular contacts provide 
secure, efficient connections. 
NO HIDDEN CIRCUIT MARKINGS—Unobscured top marking area minimizes errors. 
Integral or separable strips. 
QUICKER TO INSTALL AND CHANGE—Hand assembled, no fixtures or hardware. 
Mount only every 12 sections. Add circuits without removing mounting screws. 
LOW INSTALLED COST—Competitive with conventional blocks of similar rating. 
s Secti Factory-Assembied B 
Flat Base or Channel Mounting « Tubular or Strap-Serew Contacts Tebster contacts fully ap 
Fanning Strips « Conservative 750-volt A.1.E.€. rating UL) PI proved by U.L. Blocks fully 
~ roved for 600 V by C.S.A. 
Write for Bulletin PD-60M eon ty F 


BUCHANAN ELECTRICAL PRODUCTS CORPORATION, 612.U.S. 22 HILLSIDE, NEW JERSEY 


‘ 


Waverly 3-7474 
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In Canada: ESNA CANADA LIMITED 

12 GOWER ST., TORONTO 16, ONT 
PHILIPS EXPORT CO., 

100 E. 42nd St., NEW YORK, N. Y. 


Export:. 





4% WAYS TO END ALL CORD 
AND CABLE SERVICE FAILURES 


>>>>> 1} 
PROTECT a Z  aonmiel! Y 
YOUR PRODUCT [ call 7 


Sees ay) | All 


STRAIN RELIEFS 


Interruptions due to cable and 
cord connection failures are elim- 
inated b they anchor the 
cord to the product at the point 
of strain. GRIPMASTER Strain 
Reliefs can withstand pulls up to 
100 Ibs., and are acceptable to 
Underwriters Laboratories. All 
types Reg. U. S. Pat. Off. 





Protect product sale- 
ability too—by insuring 
lon life for cords, 
cables and conductors. 
Genuine ““GRIPMAS- 
TER’ Strain Reliefs 
provide these vital 
features— 


% Anchor cords to 
housing 


*% Eliminate taping or 
threading 





% Prevent unraveling 


% Prevent cord pull 
damage 


* All sizes and styles 

*% Easy to apply 

*% Inexpensive e 
INSULATED TYPE 


WIRE BINDING == 
SLEEVES—Preventing fray- 
ing of cord ends, — 
specially-treated rv 
Ask for samples. tubes are available in five ; 
\ sizes to fit wires to .790 - a 


GEORGE WALKER COMPANY 


Gripmaster Strain Re- 
liefs are tremendous 
trifles’’ that make good 
products better! 


TODAY! 








8 AMSTERDAM AVE., PASSAIC, NEW JERSEY 
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catalogs and bulletins continued 
(1-184) Readout Instruments—Bulletin, 12 
pp. Provides specifications and circuits of 
digital readout instruments for handling, 
displaying, storing and transferring data 
Union Switch & Signal, Div of Westing 
house Air Brake Co, Braddock Ave, Pitts 


burgh 18 


(1-185) Miniature Relays—Bulletin, 12 pp 
Contains dimensioned drawings, electrical 
and environmental data for ac and ck 
relays used in missiles, airborne and elec 
tronic equipment. Union Switch & Signal, 
Div of Westinghouse Air Brake Co, Brad 
dock Ave, Pittsburgh 18 


(1-186) Resistors—Catalog, 64 pp. Char 
acteristics of vitreous enamel] power 1 
sistors explained and graphed to aid 
selection. Ratings range from 3 to 550 
watts. Ward Leonard Electric Co, 15 
South St, Mount Vernon, NY 


(1-187) Dry Transformers—Catalog, 34 pp 
Gives electrical and dimensional data for 
following types: power circuit, buck and 
boost, control, machine tool, signalling, 
ignition and luminous tube. Dongan Elec 


trical Mfg Co, 2998 Franklin St, Detroit 


(1-188) Cord Sets and Wire—Catalog 

pp. Provides dimensioned drawings and 
electrical ratings for molded-on caps, plugs 
connectors, accessory devices and insulated 


wire. Miller Electric Co, 120 Main St, 
Pawtucket, RI 


SINGLE LENS REFLEX 
PHOTOELECTRIC RELAY 


4 fully transistorized photoelectric 
control that uses only one lens for 
the projection and return of the light 
beam. A_ special corner reflector 
returns the light directly into the 
lens regardless of gross misalign- 
ments. Completely self contained 
Just plug in to operate. Other models 
with pulse output able to detect at 
speeds to 1.5 KC objects down to 
001”. Also scanning systems for 
projection of safety curtains of light, 
and other models for operation by 
light contrast from surface reflection 


PRESIN CO. 


2014 Broadway, Santa Monica, California 
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Design Abstracts 


16 Ways to Mount Hydraulic Cylinders 


How to Classify Fluids by Viscosity 
by R. A. Minard 


Gas Nomograph for Converting to Standard Cubic Feet 
by F. Caplan 


Reducing Leakage from Hydraulic Systems 


by R. Q. Sharpe 


7 Relief Valves for Portable Equipment 
by C. A. L. Ruhl 


15 Jobs for Pneumatic Power 
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DESIGN ABSTRACTS 


HYDRAULIC FLUIDS 
This article discusses the 
factors issociated with the 


of a hydrauli 


main 
sclection 


fluid for optimum ser\ 


production or service capa i li- 


ties of an 
closely linked to the characteristics of 


hydraulic equipment 


the fluid employed in the system. As 
1 generalization, the right fluid is al 
ways the cheapest in the long run, 
giving both better quality and quan- 
tity of production (or service) and 
minimizing both power consumption 
ind maintenance cost. An _ inferior 
fluid is almost inevitably a source of 
costly trouble, sooner or later 

A majority of hydraulic systems em- 
ploy mineral oil fluids, although water, 
water-base and synthetic fluids have 
Water has 


the advantage of being negligible in 


their specific applications 


cost and therefore particularly attrac 
tive in systems where fluid losses may 
be high. It is also a “safe” fluid from 
the point of view of contamination 
and fire risk resulting from a burst 
Mineral oils have the specific advan 
tage of being inherently noncorrosive 
ind can be formulated with high 
stability and excellent 
Water-base 


a non-inflammable me- 


chemical 
lubricating _ properties 
fluids provide 
dium with better overall properties 
than ordinary water and may be par- 
ticularly attractive where the fire risk 


is high, 


urcraft 


is on die-casting machines, 
Synthetic 
fluids range from those with nonin 
flammable 
formulated for high-temperature op- 


hydraulics, etc 


characteristics to others 
eration. All are more costly than 
normal mineral oil fluids and are 
produced for specific rather than gen- 
eral application. 

It is a requirement of anv hydrau 
lic fluid that it should be capable of 
\part 


from all pure pressure transmission it 


performing a number of duties 


must also provide lubrication for 


pumps, valves and pistons, remain 
chemically inert and be stable physic- 
illy. All these factors have become 
more and more important—even criti- 
cal—with modern hydraulic machines 


which may be called upon to work 
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within very fine limits at high speeds, 
ind often at very high pressures 


Application Aspects of Hydraulic Fluids,” 
Mechanical World and Engineering Record, 
April 1960, 31 King Street West, Manchester 3, 
England. 


* 


Vacuum Pump Oils 
Preformance of a_ high 

pump depends greatly on the quality 

Special oils of low 


vacuum 


of its sealing oil 
vapor pressure are employed to ob- 
tain the best results in the evacuation 
process. However, in such service the 
oil is exposed to contamination from 
air and other vapor media that the 
vacuum pump has to handle, which 
reduce the oil’s sealing and lubricating 
effectiveness. Removal of these con- 
taminants through continuous condi- 
tioning of the oil not only improves 
its lubricating value, but also increases 
pumping speed and ultimate vacuum 
of the system. 

“Conditioning of Vacuum Pump Oils,” S. F 
Bowser Co, Hamilton, Ontario, Canada, Lubri 
cation Engineering, Dec ‘59, 5 No. Wabash 
Ave, Chicago 2, Ill. 


* 


Thermal Conductivity of 
Hydraulic Fluids 


Determinations of the thermal con- 
ductivity of ten synthetic base and 


five mineral base lubricating fluids 


were made. Conductivities over th« 


temperature range of 70 to 500F were 
found A total of forty 
tested 


Thermal Conductivity of Lubricating Oils and 
Hydraulic Fluids,” D. W. McCready, University 
of Michigan, Research Institute. WADC Tech 
nical Report 58-405, ASTIA Document No 
211693. Wright Air Development Center, Air 
Research and Development Command, United 
States Air Force, Wright-Patterson Air Force 
Base, Ohio. 


fluids were 


* 


Which Type Pump Casing? 
Centrifugal pump casings perform 

1 hydraulic function, converting ki 

netic energy developed by the impeller 


into potential pressure energy. This 


may be accomplished with a single 


volute, double volute, or a concentric 
casing. The most suitable type for a 
particular pump depends on overall 
design features and objectives, includ- 
ing a detailed study of radial load 
\ brief review of the differ- 


ences between types of pump casings 


problems 


shows the factors influencing a pump 
designer’s choice. 
Which Type Pump Casing is Best?” Power and 


Fluids, Volume No. 2, Winter, Worthington 
Corp, Harrison, New Jersey. 


* 


Pneumatic Signal Systems 

As processing plants grow larger 
ind more complex, correct installation 
of measurement and control signal 
transmission systems becomes increas- 
ingly important. Without reliable sig- 
nals, personnel safety, plant perform- 
ance, and duration of processing runs 
may be jeopardized during normal 
and emergency operation. Careful de- 
sign, equipment selection, and con- 
struction assures satisfactory transmis- 
sion systems at acceptable costs. Con 
sideration must be given to: Protect 
ing signal leads to reduce possibility of 
damage bv fire or mechanical shock 
excluding hazardous or noxious fluids 


from control rooms; installing reliable 


iir supplies; providing facilities for 


manual control, for testing, and for 
ready access to instruments 


Installing Pneumatic Signal Transmission Sys- 
tems,’ American Petroleum Institute, Committee 
on Refinery Equipment, Subcommittee on In 
struments. Control Engineering, January 1960, 
330 W 42nd Street, New York 36, New York 


* 


Transferring Liquefied Gases 
Liquefied gases, such as hydrogen, 


oxvgen, nitrogen, and helium, are 
widely used as refrigerants in basic re- 
search in chemistry, physics, and en- 
gineering. More recently these liquids 
have also come to play an essential 


part in the propellant systems of 
rockets, 
general, the 


are transported from the liquefier to 


missiles, and satellites. In 


low-temperature liquids 
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the experimental setup in insulated, 
Dewar-type containers 
The current interest in liquefied 
gases, both in private industrv and 
throughout government, has led th 
Bureau of Standards to take a second 
look at 
distance transportation of these fluids 
The results of a recent theoretica 
indicat that the pipeline 
] 


now emploved only in rela 
} 


iccepted methods for long 


study 

method 
tively short-distance transfers, can be 
extended to appreci ible distances pro- 
vided there is an awareness of the per 
introduced bi 


formance limitations 


undesirable cooldown characteristics 
The design of such a system, which 
in many cases could undoubtedly in- 
crease efhiciency safetv, and economy, 
is relatively straight-forward 
“Transferring Liquefied Gases by Pipeline 
Technical News Bulletin, May 1960, National 
Bureau of Standards, US Dept of Commerce, 
Washington 25, DC 


* 


Hydrostatic Thrust Bearings 


Based on a theoretical and experi- 
mental analvsi two types circular 
step and circular annular) of hydro 


static thrust bearings, design equa 


tions are given for load-carrving ca- 


pacity, stiffne flow for three tv of 
flow restriction: orifice, capillary, con- 
stant flow 


Theoretical and Experimental Analysis of 
Hydrostatic Thrust Beorings,”’ Elwell and Stern 
licht, General Electric Co; ASME paper 
59-A-152. ASME, 29 W 39th St, New York 18. 


* 


Sealing High Temperature 
Hydraulic Systems 

The sealing of a liquid whether it 
be for a static o1 


is a most important task facing the 


dynamic application 
designers of fluid svstems for new 


ind advanced flight vehicles when the 
loss of a seal could spell the difference 
between success and failure of a mis 
called 
Satis- 


fying a host of conditions such as ex 


sion. The jobs that a seal i 


upon to accomplish are many 


tremely cold to extremely hot tem- 


peratures, nuclear radiation, zero to 
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several thousand pounds of pressure, 
with absolute zero leakage poses some 
very formidable problems 

Close 


chemist, the metallurgist and the dé 


cooperation between the 
signer is needed now more than eve 
before as is a better understanding of 
the problems facing each in his par- 


ticular work 


Static and Dynamic Sealing in High Tempera- 
ture Hydraulic Systems,” William E. Mayhew 
Republic Aviation Corporation. Society of Air 
craft Materials and Process Engineers, P. O 
Box 39632, Griffith Sta, Los Angeles 39, Calif. 


* 


Tadpole Seals 

This paper the rious 
components used in the manufactur 
of “Tadpole Seals.” 


derive their name from their shap¢ 


describes 
l'adpole taps 


Thev are usually composed of a bod; 
or bulb and a tail. Thev are mainly 
used as static seals. In general the 
seal against air or gases under low pres- 
sure differential. Their chief function 
is to prevent the passage of low pres- 


iwainst tl 


Sure gases, OT oO i] 1¢€ pas 
sage of dust, dirt, or flame. Thev mar 
be made from one material, such 
in elastomer extrusion, or the 

be made from many different 
ponents. These seals may varv in 
ind shape Thev can be endless, « 
cular, or conceivably any shape within 
the limitations of manufacture. Ther 


tal ' 


can have no tail, a centered 
tangent tail, or a double bulb. The 
tail is used to hold the bulb in p 
tion. The bulb accomplishes 

lhe most used material for 
or body of the 


withstand temperatures of 500F and 


tadpole, that must 
over, or flame penetration, is usualh 
a wire mesh 


Tadpole Seals: Components, Design, and Use 

R. H. Holmes, General Asbestos and Rubber 
Division, Raybestos-Manhattan, Inc. Society of 
Aircraft Materials and Process Engineers, P. O 
Box 39632, Griffith Sta, Los Angeles 39, Calif 


ao 


Valve-sizing 
Using a digital computer to size- 


control valves requires an evaluation 
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J 


of the equations usually supplied for 


such purposes. Given in this articl 
are equations for liquid, gas, steam and 
Dowtherm, all of which I » be 
ved with slide rule 
Valve-sizing Equations for Computers,” Orval 
P. Lovett, Jr, E | du Pont de Nemours & Co; 
ISA Journal, Nov ‘59, 313 Sixth Ave., Pitts- 
burgh 22. 


* 


Multi-anvil, Wedge-type, 
High-pressure Generator 
\p 


yaratus for generating pressur¢ 
CX¢ 


ess of 100,000 atmosphere: 
ipplication of 


nst each face of 


scribed Based mn 


Compect Multi-anvil Wedge-type High Pres- 
sure Apporatus,” Lloyd, Hutton and Johnson 
Journal of Research of the National Bureau of 
Standards, Section C, JulySept 1959, Wash- 
ington 25, Dc. 


% 


Piston Gage for Pressures 
Below 0.5 in. Hg 

A tilting, air-lubr 
differential pressures 


He l described wn 


A Tilting Air-iubricated Piston Gage for Pres 
sures Below 0.5 in Hg,” U O Hutton, Journal 
f Reseorch of the National Bureau of Stond 
ards, Section C, July-Sept, 1959, Washington 
25, DC. 


+ 


Hydrostatic Gas Bearings 
I ler’s equat 1) 


Based 


rurat 


varlou onhg 
ment and procedure 
the experiments 


Hydraulic Gas Bearings John H. Laub 
California Institute of Technology. ASME pape 
59—Lub-1, ASME, 29 W 39 St, New York 18 
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From: American Machinist/ Metalworking Manufacturing 


16 ways to mount... HYDRAULIC CYLINDERS 


Simple methods include: Bored holes, flange brackets, angle 
brackets, horizontal brackets and trunnion brackets. 


Ceuiinders can be mounted in any with integral cylinder) that can be ipplications of the basic mounting 
position They can be held directly fastened to ‘T-slots in a machine table method as illustrated in the first col 
in a hole bored in the fixture, because Mounting brackets are of the fol umn of the diagrams 

all cylinders have a shoulder and snap lowing types: flanged, 90°, 45°, hori 

retaining ring. Also, all cylinders can zontal and trunnion. With thes« REFERENCI 

be mounted by means of standard required, the designer can assemble Hydraulic Clamping Cuts Floor 
brackets fastened to the fixture. Also, a fixture that will cope with virtually lime by Rupert Le Grand, Senior 
brackets, and appropriate linkages as any clamping problem. ste Editor. American Machin 
there is now available a swing clamp Below are illustrated three different ied Feb 8 "60 p 





Snop ring 














Bored Hole in Fixture 























Flange Mounting 
Bracket 





























Ss 


45° Bracket ; 90° Brocket 





















































Hes 


Trunmion Brocket 





Horizontal Bracket 
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From: Instruments & Control Systems 


how to... 
CLASSIFY FLUIDS BY VISCOSITY 


Five shear-rate and viscosity diagrams for Newtonian, 


non-Newtonian and thixotropie fluids. 


R. A. MINARD 

Technical Sales Manager 
Brookfield Engineering Labs, Inc 
Stoughton, Mass 









































1. ABSOLUTE VISCOSITY is defined as shear stress per unit area 
F’'/ A) divided by rate of shear. It is constant for Newtonian liquids. 
Water, hydrocarbons, mercury are examples. 


Control of many process operations such as pumping 
7 etc., depends upon the tvpe of fluid involved. It 
sarv to know the various viscosity groups to classify 
particular fluid properly 
Resistance to fluid flow can be expressed as 
Viscosity 


Vhis formula is illustrated in Fig 


shear stress/rate of shear 


If a moveable plate with an arca of one square centimeter 
is placed one centimeter away from a fixed plate of the 
same area, and if a fluid is contained between these plates, 
the force required to move the plate is proportional to the 

of shear to which the fluid is subjected 

\ material requiring a shear stress of one dyne per square 
entimeter to produce a rate of shear of one inverse second 
has a viscosity of one poise, or 100 centipoises. It happens 
that water at room temperature has a viscosity of one 


( ntipois 
NEWTONIAN FLUIDS 


lig. 1} shows that shearing a fluid involves the motion 


5 


of intermediate layers of that fluid at different velocities. 
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2. VISCOSITY vs rate of shear for a Newtonian fluid 
mains constant (A). B shows rate of shear vs force for 


fluid showing linear, proportional relationship 


The velocity gradient, or rate of shear, is expressed by the 


term dV/dY. Newton assumed that the force would be 


proportional to this rate of shear—that is, that a fluid’s 


viscosity would remain constant. Hence, when the 
cositv is a constant, the material is called Newtonian 
Such fluids include water, most hydrocarbons, mercury, 
and certain other commercial fluids. A plot of viscosity 
hearing rate for such a material is shown in Fig 

When the rate of shear is increased and th 
remains the same, a shearing force/rate-of-shear 
the same material will be linear, Fig. 2 


1 tt, 


t moving the fluid 


[his rheogram shows that 
will take twice the push—i.e., the shearing for 


in the same proportion as the rate of shear 


NON-NEWTONIAN FLUIDS 


Non-Newtonian materials have three main 
pseudo-plastic, dilatant, and plastic 
Plastic 


\ plastic, Fig. 3, shows a decreasing F’/S 


4 


yield value. A certain force must be applied to the ma 
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: 
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tor 
e 








” 





| 
tarin 




















4. DILATANT MATERIA 


Pumping speed is importa 


3. SHEAR RATE vs force and viscosity 


Note threshold force before flow starts 


aa | ; | 
































5S. A PSEUDO-PLASTIC loses viscosity at increasing rate « ! 6. TYPICAL THIXOTROPIC RHEOGRAM; 


me a 


point 
important 
lilatant fluid 


l 


{ 


Increasing 


Pseudo-plastic ertainty 


With a psuedo-pla 
the rate of 


THIXOTROPY 


UNKNOWN 


TEMPERATURE EFFECTS 


a ph nomena is thixotrop 1 fluid’s vis 

l-sol-gel transition.” Thi temperature als 1 onsidered. The 
most materials will var ) ipproximateh 
] 


i¢ 


factor into the measurement 


6 measurements of shear stress have been made con change of on 4 igrac 


tinuously while the shearing rate has been increased to a 
particular value and then decreased. Note that both dura REFERENCI 
tion of the shear and the rate at which it is applied affects Viscosity of Fluids by R.A ard, Brookfield Engineering Lal 


the measured viscosity Inc, Stoughton, Massa t Published in Instrument & ¢ 


Viscometers can be divided into two principal types— trol Systems, Jun 
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gas nomograph for... From: Power 


CONVERTING TO STANDARD CUBIC FEET 


Conver ion of actual gas or air volumes to standard cu ft Example: W hat 

volume at 14.7 psia and 60 F) can be made by the ACF per min at 5 
formula Solution: Align P 533 53.3 10) with t 

intersection of correction-factor scale with ACI 2 

520 (200 10) and read SCF intersection of 740. For 
160 beyond cither P or ACF scales, scale value is multipli 

N, then scale value of SCF must be multiplied by N. Sin 
[he nomograph below provides a quick aid for finding both P and ACF scales were multiplied by 10 final answer 


4 


the answers is 740 x 100 or 74,000 SCI per min 


is SCF per min corresponding to 
3 


3 psia and 50K? 


ACF 


) 1 by 


F. CAPLAN 
Koiser Engineers 


Oakland, California 


) 


cubic feet (SCF 
factor 
feet (ACF) 


Pressure (P), psia 
orrection 


C 


Standard 
Actual cub 


REFERENCI 

Nomograph for Converting 

to Standard Cubic Feet 

F. Caplan, Kaiser Engineers, 

Oakland, California Pub 
in Power, Data Sheet 
330, February 1960, 








a 
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From: Lubrication Engineering 


REDUCING LEAKAGE FROM 
HYDRAULIC SYSTEMS 


Leakage of fluid from hydraulic systems is a costly and 


undesirable problem; factors that must be considered in both 


design and operation are presented here. 


R. Q. SHARPE 


Manager Industrial Technical Div, 
Socony Mobil Oil Co. Inc 


Fluid power provides substantial force, quick response, 
ready control of speed, a high degree of flexibility in lay- 
ut and remote control, good dependability, and generally 
low maintenance costs. This article is directed particularly 
at one phase of hydraulic equipment; that of fluid leakage 
ind how to control it. 

Hvdraulic systems have two general classes of joints 
through which the fluid may be lost. These are moving 
joints and static joints. Moving joints include rod or 
ram packings, seals for valve stems, pump or fluid-motor 
shafts, and in some instances seals on pistons (which 
influence internal leakage Static joints from which 
leakage may occur include threaded joints, tube fittings, 
O-rings, Quad-rings and other special forms of elastomers 


is well as sheet gasket material, used to seal static joints 


MOVING JOINTS 


to perform satisfactorily at high pressures, seals 
g joints of hydraulic systems are pressure-actuated 


self-sealing. When proper s ire installed 


designed grooves or packing glands, they do 
in adequate job without requiring frequent adjustment or 


} 


nh, if engaged in, m tI 


tightening whic Ma ictually destro 
the packing ind aggravate the problem lig. 1 illustrates 
1 conventional V-ring packing used in connection with 
piston rods or rams on pistons ind occasionally for rotat- 
ing shafts When installed in a suitably dimensioned 
gland, these V rings are open toward the high-pressure 


ide and dimensioned to provide a degree of preloading 


rhe fluid under pressure tends to spread the V open, 
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Male support ring 


Gland follower ring 


V-Ring Packing 


. V-RING SEAL. Gland follower ring is bolted metal to metal 
1» a shim inserted to prevent the follower ring from exerting 
ve pressure on the sealing rings. 


thus increasing the tightness of the seal and its abilit: 
stop leakag Ihe higher the pr ire the tighter 
eal Although such molded seals do not appear t 

high dimensional pri on, the pre-load is actuall d 
mined by a radial interference dimension of from 0.0 
0.035 in hig é Thev must, therefore, be carefull: 


] } 


stalled to eliminate possibl image to the sealing | 


ips 
'] 
and tightened lightly according to recommended practic 
rtightened or the individual rings 
| 


Dh nust never | 
will become crushed and no longer be able to seal high 
pres ures 

his or any other type of seal will not stop leakage when 
used in connection with rods, rams, or cvlinders having 
poor finish. Statistics indicate that a seal used on a sut 
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Surface Finishes by Common Production Methods 





Production Method Microinches Aver 
1000 500 300 200 



































Nominal OD 
Heel clearance 


Interference 


ry 


V-Rings -Dimensional Details 











.. THE SIDES of a V-ring flare slightly so that when in 


pressure lips will be preloaded 


face having a finish of 5 to 20 microinches will sup 
ply many times the life of one used on surfaces with a 
finish of even 100 to 200 microinches. These differ 
ences are even more significant where homogeneous rubber 
seals are in service. Table I gives us some conception of 
what this should mean to the designer in relation to nor 
mal machining methods. From this it will be observed 
that maximum seal life can be expected only when su 
faces of rods, rams and cylinders are ground or honed 
Care must be taken, therefore, to protect and maintain 
the smooth surfaces of rods, rams, shafts, and cylinders Metallic Rod Wiper 
\s another example, many seals are ruined prematurel 
when abrasive dirt is carried into the seal by the rod or 3. . WIPER RINGS made of metal cones backed by rubber are 


times used to keep harmful dirt out of the packing 
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Hydraulic System Pipe Threads ve 
t Ar oe a SS petore After 
| redesigr = redesign 
























































5S. . CURVES SHOWING 
ing from high frequency 


modificatior 


Extrusion 
Gland. 3 Fluid pressure 8 ‘Gland 


6. . O-RING ACTION. When pressure is applied to synthetic O-rir 
the leform and transmit pressure equally in all directions At A 
an O-ring is shown in a groove of exaggerated length When uid 

re e applied the O-ring moves against one wall of the groove 


I sur 
as at B 


] } 


ram ['ffective means should be provided for protecting 
seals from such materials This 


necessary 
vhere O-ring seals are used on reciprocating rods 
illustrates one tvpe of metallic wiper ring found 
ery effective in the protection of seals in such applications 
Protective rings may be designed into new equipment or 


may be readily added to existing installations 
5 


STATIC JOINTS 


The Joint Industry Conference Hydraulics Standard 


ha n helpfn wiimencing the tacts es of Leather back-up washer 
SAE 1010 dead soft seamless steel tubing which provides 

" uw . : 
flared nts that should not split or break Thev have O-Ring Extrusion 
discouraged the use of threaded pipe and encouraged the 


] 


g of connections where black pipe must be used 7... WHEN RECOMMENDED clearance or pressure is exceeded, th: 
Specifi idvantages are offered by the idoption #f such oo 


wel lin 


0- tends to extrude into the clearance as shown at the toy 
Where extrusion is experienced, leather backup washers should be 
recommendations. With American Standard tapered pips ased 


threads, the tolerances may permit spiral leakage as illus 
trated in Fig. 4. Practically all of the standard tubing fit 
tings used in industrial hydraulic equipment today utiliz 
the Dry Seal type of thread, which establishes contact posed on them from high-frequency surges or abrupt 
between the root and tip of mating threads before th halting or reversal of long columns of fluid flowing 


the system at high speed. The sudden cut-off 


flanks come together. Spiral leakage, therefore, is clim- through | 
inated of a valve may start vibrations that will shake a machine 
weighing many tons. Shocks such as this and regular 
Surges high-frequency vibration cause joints to fatigue, lines to 
In the installation of either seamless tubing or threaded rupture, and machines to be shut down with larg« 
pipe, it is necessary to be fully aware of the damage that fluid and production losses [hree preventive measures 
often results from system surges or vibration. Even the will greatly reduce the incidence of such troubles 


best joints will not long withstand the severe stresses im- 1. Modifying existing controls, or properly designing 
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TABLE lti—Packing Recommended for 


Hydraulic Fluids 





SEAL FLUID TYPE 
COMPOSITION 





FIRE RESISTANT FLUIDS 


PHOSPHATE WATER 
ESTER GLYCOL 


Neoprene 
Buna N 


Leather 


8. . APPLICATION O-ring g et t al f : Buty! Rubber 


PTFE 


utmost de clerating valves Silicone Compound 


oiding abrupt directional changes 
(1) Mechanical factors 


modification to redu to a min 
S.( Special Considerati« 


in the fluid stream This is 


through the installation of small 


1 out pressure peak See Fig. 5 
quate number of prope! clamps to Ouad 


teicting tha ; ming 


moving 
of elastomers ranging from neopre¢ 


HOSES AND GASKETS - 
cone and PTFI Each materia 


1 


employ son XI hose properties, but since neoprene 
hoses availa today aré mon with oil. discussion will 
will render must be understood that 

sclected, installed good resilience, proper hardnes 

I t these are factors of pressure and movement within 

must be installed patibility with the fluid in service; chemical 

try to sraighten out stability suitable for the temperatures 

rapid, spasmodic move draulic 
ments o quently and may total hundreds of thou 


< q ¢ T ( ) i ot { - ] 
sands of e lif 1 piece hose Chere ably designer dit 


Ss ! 

fore, avoi with short or double bends; load. so there can be no leakage. « 
iT On th 

aving hoses in will satisfactorily hold and 


line her ’ 
uding oth hoses without back-up washer 


: » glamed a Creinmwe | ~ . oc: 
having sh ings; h ig hose up not under press 


port the weight nv other ymponent: | 


rubbing t +] 111 Die n ] 


wad ] ] Y Lag 
draulic line breakage is such an backed up to prevent extrusion 


important t other influencing factor hould b« i 


; +}, + 


ntion | prin cause of breakag which most . 
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From: ASME paper 


7 RELIEF VALVES 


for PORTABLE EQUIPMENT 


Operating characteristics of simple poppet, differentia) 


and pilot-operated valves, plus a brief analysis of 


differential-valve seating. 


Cc. A. L. RUHL 
Chief Engineer, New York Air Brake Co 


ilve requirements vary con 

rably in their applications. In 
ultural machinery, for exampl 

icf valve is used only intermit 

for short periods on relativel 
volume svstems; for many lift 
truck applications there is need fot 
relief valves that have low leakage 
ind pressure build-up. For road 
building equipment considerable flow 
is often diverted over the relief valve 


BASIC TYPES 


Ihree basi types of relief valve 
described here along with a brief 
of differential-valve seating 


POPPET VALVES 


‘ig. 1 illustrates a simple mobile 
lvdraulic circuit and shows the relief 

ilve in relation to the other compo- 
nents. In this circuit, the relief valve 
is used as a pressure limiting device; 
its function being to protect the other 
livdraulic components in the circuit, 
and the structure of the apparatus 
being operated from forces in excess 
of those for which they were designed 

lhe operating prerequisites for an 
ideal relief valve are: Zero buildup 
in pressure from the time it opens 
until full flow is directed through it; 
fast response to opening pressures to 
reduce pressure peaks; no noise during 
its relieving operation; insensitive to 
foreign material in the hydraulic fluid; 
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1. HYDRAULIC CIRCUIT with relief valve in relation to other components 







































































2. SIMPLE POPPET VALVE with ball permits leakage. Similar fault exists in other seat 
configurations (3) (4) which have basically the same characteristics. 
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S. DIFFERENTIAL VALVE 


of the faults of simple ball-type 


ability to reseat at the same pressure 
at which relieved; and to maintain 
zero leakage until point of cracking 
Relief valves can be and have been 
designed in varving degrees of com 
plexity. The simplest tvpe of relief 
valve is the ball type as shown in 
Fig. 2. In this type of valve, pressure 
acts on the ball exerting a force which 
is counteracted by a preloaded spring 
in the opposite direction 
Theoretically, the ball 
seated until the pressure rises to over 


remains 


come the preload of the spring, and 
permits a zero leakage until that time 
It is, however, almost impossible to 
maintain zero leakage; as the pressure 
increases, the force on the seat de 
creases. Thus, there is no well-defined 
cracking pressure with this type of 
valve. 

Owing to the complete unbalance 
of this type of valve, for high pres- 
sures it is necessary to maintain a 
small seat diameter to keep springs to 
a reasonable size. As flow increases, a 
conisderable buildup in pressure oc- 
curs. If, on the other hand, the seat 
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6. VALVE-SEAT co 
50°, see 


eems to be 1 


diameter and spring force are in 
creased, there exists an increased ten 
as the ball lifts, the 


pressure acts momentarily on a smaller 


dency to chatter 


area, which in turn decreases the 
opening force allowing the ball to 
reseat and the cvcle is resumed. Figs 
3, 4 show valves with different con- 
figurations but similar characteristic 
Although this type of valve has 
definite limitations as far as relieving 
the engine system flow, it does find a 
use in applications where the flow is 
because of 


quite small. Furthermore, 


its simplicity it is an imexpensive 


\ alve to make. 


DIFFERENTIAL VALVES 


A differential type of valve, Fig 
5, overcomes some of the shortcom 
ings of the simple ball-type valve 

This type of valve is based on the 
principle of semibalancing a poppet 
whereby a smaller lifting area, a larger 
seat diameter and a lighter spring 
can be employed than a comparable 
rated simple ball-type valve. Two 
facets to consider in the design: Main 
tain a minimum buildup in pressure 
with increase of flow through the 
valve; maintain an effective seal at the 
plunger face. 


Valve-seating Calculations 


The following example shows how 
the pressure buildup is affected by 
the face angle of the poppet 
Conditions: Full Flow (Q), 50 gpm, 
seat dia (D,), 0.500 in., area of seat, 





4 


iSSUuTTIC 
cracking 
From O 
Discharge rea 
2 g He id 
In Fig. 6 of this discharge area 1s 


VO? J in 


scribed by a truncated cone ha 
diameters D, and D, and side 
ind is given by the f 


tion 


0.5 0.035 0.465 ir 
Effective area 0.785 
0.169 in 

This means that the 1600 psi 
acting on the effective area which is 
equivalent to a force of 271 lb 

lo develop this force, the spring 
has deflected 0.035 in. from its seated 
position giving a force rise equal to 
0.035 in. x 840 Ib/in 29.5 Ib 

Therefore, at theoretical “cracking” 
the seating force is 27] 30 241 
or a “cracking pressure” 
241 /0.196 

This shows a buildup of 160 —1230 


equal to 
1230 psi 


= 370 psi. 
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POPPET-FACE ANGLE 


effe« e seating fe 


Che l seat in Fig 


150° poppet face has a calculat 


sure buildup of 190 psi 


While the pressure buildup for the 


150° face is only 190 psi compared 


370 psi for the 90° seat the ef 
fective seating force is penalized, the 
effective 


mal force to the seat fac« For the 


seating force being the nor 


same vertical spring forc« 
150° face 
f F./eos 15 
1.04 F.. where F 


1.42 F 
ief valve in 
een found pt 

decr the differential-area 
irea_rati ind increase the 
load t ntain a reasonabl 
eating for 
As all tl of the pre 

fluid that gx w the valve i 
verted into heat, and as there 1 
well-defined cracking point fo 
type of valve, it has been common 


sO th it 


practice to set the relief valve 


at full-rated flow. the pressure 1s 


per cent over the normal working load 
pressure 

Ihe advantages of this tvpe of 
valve are: It handles large flows at 
high —pressuré without excessive 
buildup; fast response time in open 
trouble-free 


in contaminated systems 


ing; relati él) operation 


The primary disadvantage is that 


well-defined cracking point is not 


is spring force, 





established, and the buildup is not a 
lat as can be expected from pilot 
operated type of relief valve 

Fig. 8 shows another type of relief 
valve known as the inverted differen 


tial relief valve. This type of valv 


also emplovs differential ar¢ 


work against the preloaded spring 
By utilizing a moveable poppet, how 
ever, the seating force increases with 
pressure and is maximum at the point 
of unseating 
Che fact that a mass must tra 

a distance before opening, however 
means that shock pressures may 0 
ur before the seat and poppet reach 
the unseating position. After unseat 
ing, increased flow affects both ty 


of differential valves in a similar man 


p< 
i 


ner 


PILOT-OPERATED VALVE 


Shown in Fig. 9 is a pilot-operated 


tvpe of relief valve that is making it 


ippearance in the mobile equipment 
field, the relief valve being shown 


in integral 


part of a two-spool-dire: 
tional control valve 
particular 


valve consists of a main poppet, which 


he construction of thi 


is urged against seat by a lighth 
loaded spring, all which are enclosed 
This is fitted into the di 


rectional control valve housing such 


In a siceve 


that the ends of the sleeve are ex 
posed to low-pressure areas or return 
to reservoir passages, while the out 


side of the sleeve is connected to the 





Mil 


HATH 


























8. INVERTED DIFFERENTIAL 
we lefine ening point 


or 


it and main plung 


j 
I 
ilso exposed to the high-pressure pa 
sage through holes in the sleeve he 
opposite end of the 
I< 


main plunger 

o connected to the high-pressure 
ge through a small orifice in the 

sleeve through which is placed ma 

pin. This pin is free to move 

ort ts function being to 

foreig 


} 


nateria from 

ce 

At th opposite end from the maim 
popp seat, a hole in the sleeve 


CTV 1 seat for the pilot-relicf 


poppet The pilot poppet 1s mad 


O wainst the pilot seat by 


spring which is preloaded by adjust 


ment screw 


Operation 


Che operation of this valve 
that unti a pressure is Ie 
whereby pilot poppet opens, a 
pressure of the same magnitude ex 
ists in chambers X and Y. This pr 


sure causes the main poppet to con 
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&. PILOT-OPERATED valve 


tact the seat with a force equal to the 
static pressure times the seat opening 

At the time the pilot poppet opens, 
high-pressure fluid will flow from the 
outside of the sleeve through the ori 
fice and then through the opening in 
the end of the sleeve by the poppet, 
creating a pressure drop between the 
outside of the sleeve and chamber Y 
The plunger will remain closed until 
a point is reached whereby there is 
sufhcient flow across the orifice to 
create a sufficient pressure differen 
tial between chambers X and Y to 
move the main plunger from the seat 

The advantages of pilot-operated 
Well-defined 
point; low pressure rise from cracking 
to full flow; excellent reseating char- 
acteristics. 

The disadvantages are: Complexity 
of several moving parts; they demand 


valves are cracking 


a clean system for valve to operate; 
they cost more to manufacture. 


APPLICATIONS 


The three basic types of relief 


valves; simple poppet, differential, and 
pilot operated have been in existence 
































for some time. The use of relief valves 
in the mobile field vary considerably 
in their applications—there being a 
need for each of the basic types 

In the agricultural field, there are 
many applications where the relief 
valve is used only intermittently for 
short durations on relatively low-vol- 
ume systems 

For many lift-truck applications, 
electric lift trucks, 


power consumption of the hydraulic 


ind particularly 


system has been of paramount im- 
portance. Therefore, there is a definite 
need for relief valves that have very 
low leakage and pressure buildup 
characteristics 

For road-building equipment, and 
particularly for front end loaders, the 
operation during the 


bucket-loading cycle represents the 


digging or 


longest period of the cycle, and in 
many cases during breakout, consid- 
erable flow is diverted over the relief 
valve. 

One common feature of all mobile 
applications is the relatively recent 
trend to high pressure. 

In addition to relieving the system 
flow during a working cycle, relief 
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valves have ilso been used in closed 


circuits. These applications utilize the 
relief valve to relieve inertia loads by 
dumping cylinder fluid to tank. On 
applications such as a backhoe, a pair 
of relief valves have been used on the 
swing circuit; in which case the fluid 
is transferred from one cylinder to 
nother of 
closed circuit applications, in the past, 


equal size For these 


a simple poppet type of valve has been 
considered satisfactory; but the cur- 
rent thinking is that these relief valves 
should be able to handle 
more flow without an excessive pres 


considerabl\ 
sure buildup. For newer directional 
control valves, provisions are made so 
that these overload relief valves may 
be incorporated in the directional con 
trol valve housing and are a pilot-oper- 
ited type of construction. 


REFERENCI 


Relief Valves for Mobile Applications 
by C. A. L. Ruhl, C. E. Control Valves 
ind Vane Pumps, New York Air Brake 
Co, Kalamazoo Div, Kalamazoo, Mich 
Presented at the 1959 ASME Annual 
Meeting, Atlantic City, N. J. Paper No 
59-A-320 
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From: Company Booklet 


15 yosBs tor PNEUMATIC POWER 


Here’s how suction can be employed to feed, hold, position 
and lift parts, form plastic sheet, sample gases, 

test for leaks, convey solids, and de-aerate liquids; and 
compressed air can convey materials, atomize and 
agitate liquids, speed heat transfer, support combustion 


and protect cable. 


REFERENCI 
\ir Motor Applic: 
Benton Har 


0c tuaric on 





positioned 
or moved 


FEEDING PARTS . ©) < tonk, etc vocuum pump 


HOLDING PARTS POSITIONING PARTS 





Radiant heoter 








Vacuum cup lifts 
up to /4 /b per sq Tags GF ay 
in. of Cup area Plastic 
sheet SET VANCES # 
\ ia find 


“\F 
To pump ae ({ ¥ Atmosphere 
— y, or processing 


Oust filter or chamber 
gas analyzer 






































Mold: 


LIFTING PARTS VACUUM FORMING GAS SAMPLING 
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Port to be 


one tested tor tit 


Bubbles if leak exists 


LEAK TESTING 


Plaster, 
cement, 
powders 
etc 
Wet or dry 
flowable 
materials 
Air from 
compressor 
a 








CONVEYING MATERIALS 


sensitive 
Moteria/ 


to be tope 


 ---— =| 








AIR COOLING OR HEATING 
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< Small ports, or 


/atercepting gronulor materials 


trap or chamber 


CONVEYING SOLIDS 





ea 





Air from 
compressor 








ATOMIZING LIQUIDS 


ee S> = 


\\| Hotter 


aise 


Gos supply 


flame 


SUPPORTING COMBUSTION 


1960 


























Low-vocuum fest 
chambers, tanks, 
containers, etc 


DE-AERATING HIGH-VISCOSITY 
LIQUIDS 
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je rpcars! 





XL 
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Holes in pipe LU 


AGITATING LIQUIDS 
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PRESSURIZING CABLE 
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(J-20) Uses of Air Motors, Pumps, Com- 
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Molded Packings—Bulletin 
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Der or fabric and rubber a! 
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(J-5) Solenoid Valves 
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(J-16) Hydraulic Components—B 
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Valves and Regulators—Bu 
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Metal Hose Div, The American Bra 
3 S Main St, Waterbury, Conn 


Hydraulic Components 


mtains tables of data 
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Fans—Bulletin 
(J-18) O-rings—Catalog, 20 py j y tabl other 
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dimensions and ratings for oscil Materials include natural 


Dynex Dr, Pewaukee, 
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. ’ Auburn Mfg Co, Pease Ave & t gh ity air conditioning 
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Greenville, Ohio Middletown, Conn Standard Industrial Div, Detroit 
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(J-31) Air Cylinder and Valves—Brochure, 
8 pp. Shows cylinders with bores to 8 in., 
iir pressures to 250 psi, and the valves to 
ontrol them. A Schrader’s Son, 470 Van 
derbilt Ave, NYC 


(J-32) Foot and Check Valves—Bulletin, 
6 pp. Construction and sizes of bronze 
ilves and well supplies given. Strataflo 
Products, Inc, 4939 S Lafavette St, Ft 
Wayne, Ind 


(J-33) Silicone Hydraulic Fluids—Data 
folder, 26 pp. Charts and graphs describe 
properties and operating characteristics of 
two fluids for high and low temperatures 
Silicones Div, Union Carbide Corp, 270 
Park Ave, NYC 


(J-34) Pneumatic Products—Catalog, 24 


pp. Gives performance characteristics, 
sample installed arrangements of air line 
filter, lubricators, regulators 


Watts Regulator Co, Lawrence, Mass 


pressure 


(J-35) Pneumatic Products — Catalog, 
pp. Presents pressure drop curves, dimen 
sions, ratings, typical installations for air 
line filters, regulators, lubricators and traps 
Watts Regulator Co, Lawrence, Mass 


Motors, 
16 pp. Provides dimensioned drawings, 


(J-36) Pumps, Valves—Catalog, 


specifications and performance data for 
omponents used in lubrication or power 


systems. Webster Electric Co, 1900 Clark 
St, Racine, Wisc 


(J-37) Pressure Regulators—Data folder, 


3 pp. Shows manual ind servo regulators 
ing diaphragms. Inlet pr 


00 psi. Accessory Products Ci 


Whittier Blvd, Whittier, Cal 


x 


(J-38) Pneumatic Servovalve—Brochut 
pp. Provides dimensions, specification 
for four-way, torque mi 
driving pneumatic act 
losed —_— 


Raymond Atch In 


Los Ang 


(J-39) Small Bore Cylinders 


Cylinders 


Mfg ( 
od, NJ 


+(J-40) I iquid Processing Equipment 


ilog pp. Presents illustrations and 
of filters, mixers, pumps and 
} 


ral use and special units for 


ipplications Alsop Engineering 


Corp, Milldale, Conn 


(J-41) Hydraulic Accumulators 


6 pp. Piston typ accumulators 


, operate at 2000, 3000 


American Bosch Div, Amer 
in Bosch Arma Corp, 3664 Main St, 
Springfield, Mass 


1 pt to 10 gal sizes 


and 5000 psi 
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(J-42) Airborne Hydraulic 
chure, 4 pp. Two-stage, axial piston pump 
delivers 16 gpm at 3000 psi. Other pumps 
put out up to 5000 psi. American Brake 
Shoe Co, 530 Fifth Ave, NYC 


Pump — Bro- 


(J-43) Coolant Pumps—Catalog, 16 pp 
Provides dimensions, performance curves 
for motor driven pumps with capacities to 
400 gpm. The Ruthman Machinery Co, 
1819 Reading Rd, Cincinnati 2 


(J-44) Hp Air Bottles—Brochure, 4 pp 
Describes epoxy resin impregnated, glass 
filament wound spherical bottle with a 
working pressure of 3000 psi. Apex Rein 
forced Plastics Div, Washington & Elm 
Sts, Cleveland 13 


(J-45) Air Line Lubricators—Bulletin, 4 
pp. Describes compressed air filters and 
pressure regulators and devices for provid 
ing lubrication for pneumatic tools and ap 
pliances. Arrow Tools, Inc, 1900 S Kost 
ner Ave, Chicago 23 


(J-46) Filters—Catalog, 8 pp. Describes 
air, gas and liquid filters; and for internal 
combustion intake 
silencers, exhaust spark arresters. Air-Maze 


Corp, 25000 Miles Rd, Cleveland 28 


engines, breathers, 


(J-47) Solenoid Valves—Catalog, 35 pp 
Shows direct-lift and pilot operated valves 
in sizes to 3 in., pressures to 10,000 psi 
Atkomatic Valve Co, Inc, 545 W Abbott, 
Indianapolis, Ind 


(J-48) Pressure Reducers—Catalog, 4+ pp 
Presents construction details, pressure drop 
ind ficw rate table for pilot operated 
pressure reducing valve for liquid or gas 
Atlas Valve Co, 280 South St, Newark 
5 NJ 


(J-49) High Pressure Equipment—Catalog, 
Describes valves, fittings pump 
vessels tirre autoclaves for 

hemical research and | 

lraulics. Also includes high pressure com 
ressors. Autoclave Ex 
130 W 22 St, En 


igh pI ir 1V 


(J-50) Piping Ball Joints—Bulletin 


Provides several sample piping lay 
vhere ball joints allow expansion 


| 
ntraction. Bar Mfg Co, 527 He 
St, Barrington, III 


(J-51) Air Valves—Catalog pp. Pr 
ides dimensions and ratings for manua 
foot operated and solenoid three-way, four 


+ 


way and shutoff valves for zero to 250 psi 


Barksdale Valves, 5125 Alcoa Ave, Los 


Angeles 


(J-52) Centrifugal Pumps—Brochure, § pp 
Describes motor driven pumps for corrosive 
liquids. Capacities range from 1 to § 
gpm. Bart Laboratories & 


135 Manchester Pl, Newark 4, NJ 
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(J-53) Control Valves—Catalog, 8 pp. De- 
scribes solenoid, solenoid piloted, manual, 
manifold mounted and other types 
air to 150 psi; hydraulic to 
Beckett-Harcum Co, 985 W 


Locust, Wilmington, Ohio 


Capacities 


2000 Ss} 
é ps! 


(J-54) Air and Hydraulic Cylinders—Th 
bulletins, 18 pp. Gives bore, stroke and 
other dimensions for three series: 200 psi 
psi hydraulic 
Also includes parts breakdown. Bendix 
Westinghouse Automotive Air Brake Co 
901 Cleveland St, Elyria, Ohio 


uir, 100 psi hydraulic, 18¢ 


(J-55) Hydraulic 
4 pp. Provides specifications for jacks, 


Components—Bulletin, 


ylinders, pumps and accessories. Black 
hawk Mfg Co, 5325 W Rogers, Milwau 
kee, Wisc 


(J-56) Proportioning Pumps—Bulletin 
pp. Describes rotary, positive displacement, 
variable capacity pumps for controlled flow 
or blending. Pressures to 125 psi. capaciti 
to 500 gpm. Blackmer Pump Co, 1809 
Century Ave SW, Grand Rapids, Mich 


(J-57) Pumps—Catalog, 40 pp. Gives op 
erating characteristics, dimensions, mn 
struction of geaz, vane and entrifuga! 
pumps for hydraulics, lubrication, coolant 
and transfer. Brown & Sharpe Mfg Co 
235 Promenade St, Providence, RI 


(J-58) Cylinders and 
folder, 22 pp. Quick disconnect coupler 
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are of industrial, commercial and aircraft 


Couplers—Data 


types. Cylinders are for air or hydr 
Some cylinders rated up to 300 p 

y pressure. The Bruning ¢ 601 S 
Lincoln, Neb 
(J-59) Pumps for Special 


] 


Fluids—Dat 
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(J-61) Scraper-wiper Seal—Br 
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(J-62) Fluid Filters 


sampling of hiter 
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From beginning to end... 22d a7 between... \PC controls quality 
in manufacturing OIL SEALS... PACKINGS... PRECISION MOLDING 


ALPHA 
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MOLDED PARTS 
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MOLD 
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Print File 
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AND VISUAL 
INSPECTION 





QC 3 


Print File 





LABORATORIES 
Print File 
CONTROL TESTING OF 
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OlL SEALS 
PACKINGS 
PRECISION MOLDING 


Custom designed for 


your application. 


FOR DIMENSIONAL 
CHARACTERISTICS 


HERE’S HOW... 


SAMPLING OF 
TRIM OPERATORS 
WORK 


QC 4 


QUALITY 
CLASSIFICATION OF 
FINISHED LOTS 





Print File 


ASSURANCE 
INSPECTION TO 
CUSTOMER AQL 








SHIPPING 


PRINT FILES ano 
QC STATIONS 


Final “Print Files” for every product de- 
veloped or accepted for manufacture by 
IPC’s engineers are located throughout 
the entire IPC plant. These provide a 
positive, at-hand reference for product 
quality! 

More than this . . . IPC maintains Q C 
(Quality Control) stations at strategic 
locations in the manufaeturing line 
through which every batch of manufao- 
tured parts MUST pass before they are 


committed to shipment. 

IPC’s reputation for quality is no mere 
coincidence. It’s the planned cornerstone 
of customer relations. We may err, as 
humans will, but we've reduced the in- 
cidence of error to an absolute minimum. 
Try us ... or better yet arrange to visit 
our plant. We'll be happy to show you 
how IPC Quality Control benefits Amer- 
ica's most critical manufacturers, 


INTERNATIONAL PACKINGS ¢orroration 


Bristol, New Hampshire 


510 CIRCLE 510 ON READER SERVICE CARD CIRCLE 511 ON READER SERVICE CARD—> 





OPENING NEW HORIZONS 


in economical power application 











Flick-Reedy... Winner of ‘‘Plant of the Year’’ Award and ‘‘Silver Anvil’'’ Public Relations Award 


Miller Hydraulic Cylinders make impossible applications 

look easy. With Teflon Seals, Case-Hardened Rods (50-54 

Rockwell C), Patented “‘Shef’’ Tubing End Seals, and other 

exclusive standard features, these cylinders are practically 

damage-proof, are ultra-dependable under pressure and tem- 

MORE SAVINGS! perature extremes, and provide leakproof sealing with ALL 

Our ultra-modern, new “Plant of the Year” with its hydraulic fluids. Built to exceed J. I. C. Specifications, these 
special facilities and operating economies enable us cylinders are achieving new highs in production and operating 
to offer an extra 10% price savings on our big economies in thousands of plants. Two great lines: Power- 
“stock” selection of: Packed Model H for 3000-5000 psi and Job-Rated Model J 
Model “H” (Hyd.) Cylinders, 142” through 8” bores; for 500-2500 psi. All bores, strokes and mounting styles. Big 


Model “J” (Hyd.) Cylinders, 142” through 14” bores; “Stock” selection for immediate shipment at substantial 
Model “A” (Air) Cylinders, 142” through 14” bores. savings. 


Strokes up to 36”, cushioned and non-cushioned, . , 
, Write for literature. 


miele MILLER FLUID POWE 


rs aia 


ex ae ee 





7NO18 York Road, Bensenville, Illinois 


’ . ERS . 
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IMPERIAL 
Engineering and Data File 


HYTRON 


HOSE 


FAR GREATER FLEX-IMPULSE CAPACITY... 
IMPROVED PRESSURE HOSE PERFORMANCE 


Imperial unveils a completely new con- 
cept in pressure hose — opening new 
opportunities in hydraulic and pneu- 
matic circuitry design, bringing new 
economies and advantages to thousands 
of other hose applications. 

Hytron was created to solve many of 
the problems encountered in using 
S.A.E. types 100R1 and 100R5 hose. It 
radically reduces hose size and weight, 
offering smaller O.D. for equivalent 
pressure capacity and I.D. 


Flex-Impulse Test Results 
Hytron superiority under punishing 
flex-impulse conditions has been clearly 
demonstrated. Comparable 24” lengths 
of hose with couplings were subjected 
to cycles from 0 psi to 3500 psi at one- 
second intervals, Simultaneously they 
were flexed at 60 times per minute. 
After 57.4 hours the S.A.E. 100R5 
single wire braid rubber hose burst 
near a coupling, It took 415.5 hours — 


512 


over seven times as long — before the 
Hytron hose failed. 


4 oe. Se ie Vaal 


Note that there is no wire braid in 
Hytron hose. This eliminates one of 
the major causes of fatigue failure. 
Hytron is 80% lighter in weight, and, 
unlike wire braid rubber hose, retains 
virtually all of its flexibility under 
pressure. 

Imperial Hytron hose operates in a 
burst pressure range from 9000 to 12,000 
psi, depending on size and tempera- 
ture. It is recommended for continuous 
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service with fluids from —40 to 225°F, 
and for intermittent service to 250°F. 
Hytron is unaffected by nonflammable 
hydraulic fluids up to 180°F and flam- 
mable fluids up to 225°F 

Hytron hose is available in excep- 
tionally long lengths. Furnished as 
factory-made assemblies, or with easy- 
Hytron 
couplings are of a new design that 
greatly minimizes flow restriction, offer- 
ing up to 157% greater flow capacity. 


IT’S IN THE BOOK s 


A new engineering 
report on Hytron 
hose and couplings 
contains detailed 
test results and 
performance figures. 
Send for your 

copy of Form 

No. NEPR-500 today. 


to-install reusable couplings. 


“> 


THE IMPERIAL BRASS MANUFACTURING CO, 
Dept. PE-90, 6300 West Howard Street 
Chicago 48, Illinois 
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For Your Power Drive + Design « Application or Replacement Maintenance 


There’s a 


=a CYLINDER 


That Can Assure Accurate Efficient Operation 





Only T-J’s complete line can assure you 
a cylinder of either air or hydraulic 
application—with practically limitless 
design specifications for bore, stroke, 
pressure range and even delivery 


requirement. From the time-tested, 


lS 


THE ONLY 
COMPLETE 
ENGINEERING 
CATALOG standard tie-rod 
hydraulic cylinders. 
LINE, TOO! , 


TOMKINS JOHNSON 


H-47 (or 


standard tie-rod air and hydraulic, to the 
exclusive T-J Spacemaker, and including 
the recently introduced Squair Head, 
T-J cylinders give you more features 
for efficient, long-lasting operation. 
Write today! 





SM-66-3 for HSM6-58-4 
the incomparable for the High- 
Spacemaker Pressure Hydraulic 


cylinder. Spacemaker cylinder 


standard tie-rod 
air cylinders. 


THE TOM KINS «JOH NSON om eX JACKSON, MICH. 


CYLINDERS ¢ MILLING CUTTERS ¢ RIVETERS anc’ CLINCHERS 
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AIR-CONTROL 
on'4 i. 12) 3s 
and VALVES 


HAND 


INTERLOCK 


Airmatic Cylinders and Valves are 
doing more and more to guarantee 
the most dependable Automation. 
Easy to operate, yet compactly design- 
ed, they have the inherent ruggedness 
so necessary for grueling operating 
cycles. Available from stock, they 
assure minimum maintenance and 


lowest service cost. And an Airmatic 
Engineer is as near as the telephone 
to help in the selection of the right 
valve or cylinder for the specific appli- 
cation. Shown on this page are just a 
few of the hundreds of standard 
Airmatic units available for your 
selection. 





2-Way 
Pilot 
Operated 
“%" - 3” 


2-Way 
Direct 
Solenoid 
%".2” 


2-Way 
Cam 
Controlled 
4%" -2" 





3-Way 
Pilot 
Operated 
Ye" - |" 


3-Way 
Cam 
Controlled 
Ye" - |" 


3-Way 
Direct 
Solenoid 


%" = 1" 





3-Way 
Sequence 
Time-Delay 
“= %" 


3-Way 
Solenoid 
Pilot 
4%". |" 


Pressure 
Regulator 


Pipeline 
Strainer 











PILOT 
. 4-WAY MASTER VALVES ASK 


SEQUENCE 
ix Fu] FOR 
SOLENOID P CATALOG 


« PILOT SOLENOID 


Base mounted a flow controls. 
T | 4 3 D 3 L i Standard pipe sizes: Ya", ¥%", YA", ¥,"" 


AIRMATIC VALVE, Inc. 
dir Valves for Automatic Control 


7317 ASSOCIATE AVE. CLEVELAND 9, OHIO 
Phone: WOodbine 1-5320 
WESTERN UNION: Airmatic Valve, Inc., FAX, Cleveland, Ohio 





All valve deliveries 
are made from stock 








AIRMATIC VALUE 


’ Inc. 
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ROPER CUSTOM PUMPS [i ammam FOR DEPENDABLE PUMPING 


Practically a complete hydraulic system ’ 





in itself, this Roper custom job is a unit for ihe ' 

a platform leveler. The design includes ' a - Ad 
pump, check valve, relief valve, and con- ; 

nection for solenoid lowering valve as 4 


Ryne 
* 


well as cylinder and tank connections. 


This is but one of the many examples of 
custom work Roper does to match its 


\ 
customers needs and/or specifications. : 7 
Our staff is ready to work with you at 
any time. Roper Standard Pumps are 


shown below. 





r COMPACT, INTEGRAL PUMP & MOTOR UNITS 


“All-in-one” units with pump serving as end bell of 
motor. Require minimum space and are easily installed 

. no coupling required . . . mount in any position.' 
Choice of 192 models. Each unit is approximately same 
size as NEMA motor of HP required for driving. Open 
drip proof or totally enclosed motors; single or three 
phase as required. .3 to 55 GPM at rated maximum 
pressure. 


Typical use of Series T on test stand for scoveng- 
ing ond transfer operation. 


FEATURE 4-PORT DESIGN 


Feature helical steel pumping gears, hardened steel shafts, 
bronze flange-type bearings. Have 4-port design with 8 
optional piping arrangements (4 for CW and 4 for CCW 
rotation) to provide installation flexibility. Supplied with 
or without built-in relief valve in either mechanical seal 
or packed box construction. 1 to 300 GPM, to 300 PSI. 


Series F used os before ond after pump to supply 
oil to bearing surfaces of compressor. 


FOR HIGH PRESSURE APPLICATIONS 


Designed to operate at direct motor speeds. Widely used 
for all types of hydraulic mechanisms where high pres- 


sures are required. Hardened steel spur gears for maxi- 


mum efficiency, and heavy duty roller bearings and 
bronze wear plates for long life service. Available with 
mechanical seal or packed box... external relief valve rec- 
ommended for all installations. 5 to 75 GPM, to 1000 PSI. 





Series H used in fuel heating system of 1000 HP 
pumping rig in Saudi Arabia. 


FEATURES PATENTED VENTURI PRINCIPLE 


Extremely compact in all sizes. Helical pumping gears 
are hardened steel, with steel shafts and bronze bearings.’ 
Sizes 10 through 50 GPM have patented venturi suction 
and discharge principle for smooth flow and quiet opera- 
tion. With or without built-in relief valve; packed box 
or mechanical seal construction. *%4 to 50 GPM, to 150 PSI. 


Series K furnishes pressure lubrication to these 
continuous duty compressors. 


FOR GENERAL PURPOSE PUMPING 


Designed to handle thick or thin liquids at slow speeds. 
Operate smoothly and efficiently in either direction, and 
feature hardened iron pumping gears, hardened steel 
shafts, and heavy duty bronze sleeve bearings. Furnished 
with mechanical seal or packed box. Available on steel 
bedplate, with or without motor, and gear reduction 
40 to 300 GPM, to 100 PSI. 


Battery of Series 3600 pumps used in packaging 
plant of lorge oil producer ond morketer. 
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STOP GUESSING VALVE PERFORMANCE 


CAT. NO. 210 Shows 


olla Mon Mmateliltiol ham @elilice)ii-t: Me OMA keh choice 


Hydraulic Valves 


RIVET Publishes The Facts So You 


Can Predict Accurately Pressure 
Drop In 4-Way and Pressure Controlled 
Hydraulic Valves! 

Select your valves on facts, not 
guesses! The flow versus pressure drop 
curves shown in the catalogs above are 


based on actual tests. The curves make it 


RIVETS 


CAT. NO. 230 Sh 
Wo) ME de -3 310] d-ME @elalige)|i-te 
Hydraulic Valves 


$ correct 


possible to determine system efficiency and 
operating costs before you operate the 
circuit. Rivett’s lower pressure drop means 
a lower cost to actually run your hydraulic 
systems. Before you specify the components 
for your next system, get the facts! Ask 
your Rivett dealer, or write for Rivett 


Catalogs 210, 230, 250 and 261 now. 


Furnishes Complete Line of Hydravlic Valves — Over 400 Standard Models — 
1500, 2000, 3000 P.S.I.—Sub-Plate and Pipe Mounted—'%” to 1/2” Sizes—3 G.P.M. to 130 G.P.M. 


FLOW CONTROL PRESSURE CONTROL 


Model 8622: 3000 P.S.L; 
Sub-Plate Mounted. 

Four Sizes: 4" to 1%". 
See Cotalcg 250. 


SOLENOID CONTROL PILOT CONTROL 
Avoilable in Solenoid, 
Pressure ond Manval 
operations. 4" to 1" 
sizes. 1500, 2000 and 
3000 PSL. 


RIVETT, Dept. PE9 Brighton 35, Boston, Mass. 


furnishes a complete power package 


AIR AND HYDRAULIC — VALVES, CYLINDERS, POWER UNITS 
Member — National Fluid Power Association 
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POWER PUMPS 
@ 1800 RPM 
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Dynex: 


LEADER in HIGH PRESSURE HYDRAULICS 


a 


> 


PRESSURE 
CONTROL 
VALVES 


DIRECTIONAL 
CONTROL 
VALVES 


in Ibs. torque/100 PS! | 


Py & 


FLUID MOTORS 





c 


3000 PSI 10,000 Psi} 


3000 PS} 6000 PSI 


“Saso tea 


**@ 1200 RPM 


a 
a 
7 


3000 PSI 6000 PSI 


6000 PSI 3000 PS! 6000 PSI 





.037 cu. in.* 
per rev. 


PF 9000 


PF 3003 (2.6 gpm) 
PF 3006 (4.1 gpm) 


PF 4004 (2.1 gpm)”” 


PF 3008 (5.7 gpm) 


PF 6006 (4.2 gpm) 


PF 3016 (10.9 gpm) 


PF 6011 (7.9 gpm) 


PF 3021 (14.7 gpm) 
PV 3021 (0-14.7 gpm) 


PF 6015 (10.5 gpm) 
PV 6015 (0-10.5 gpm) 


PF 3046 (31.4 gpm) 
PV 3046 (0-31.4 gpm) 


PF 6033 (22.7 gpm) 
PV 6033 (0-22.7 gpm) 


VR 9101 


VR 9103 
Vk 3108 


VR 9103 
VR 3108 


VR 3108 
VA 3130 


VR 6108 
VA 6130 


VA 6130 


VA 6130 


VA 6130 








VD 4103 (0-3 gpm) 


VD 4103 (0-3 gpm) 
VM 6106 (0-8 gpm) 
VM 6506 (0-10 gpm) 


VD 4103 (0-3 gpm) 
VM 6106 (0-8 gpm) 
VM 6506 (0-10 gpm) 


VM 6106 (0-8 gpm) 
VM 6506 (0-10 gpm) 


VM 6106 (0-8 gpm) 
VM 6506 (0-10 gpm) 


VM 6520 (0-30 gpm) 


VM 6506 (0-10 gpm) 
VM 6520 (0-30 gpm) 


VM 6820 (0-30 gpm) 


VM 6520 (0-30 gpm) 


VM 6520 (0-30 gpm) 
(2 bank) 


VM 6520 (0-30 gpm) 


Write for data on these circuits or components. 
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MF 6011 (12.5) 


MF 3021 (30.3) 


MF 6015 (18.2) 


“Split-Flow” is obtainable in all Dynex pumps to give the right 
volume combination for eoch phase of a work cycle. 
more pumps can be replaced by a single “ 


Two or 
pump. 


COMPLETE LINE OF SINGLE-AND DOUBLE ACTING CYLINDERS FOR EVERY APPLICATION 
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= meena eyelet 





Dynex pumps feature “Split-Flow” power 
for pressures up to 10,000 psi and range 
from 1 to 90 H.P. or larger. 


Dynex complete line of control valves 
with advanced concepts in design offer 
greater versatility and system economy. 


Dynex now offers a new line of top per- 
formance, high quality cylinders with pre- 
cision bores, chrome rods and wipers. 


Dynex power units offer pressures up to 
10,000 psi featuring “Split-Flow” pumps 
to give time saving custom performance. 


pynex .. 


777 DYNEX DRIVE PEWAUKEE, WISCONSIN 
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ANCIHOR...tue ptevce 


OF PERFORMANCE 


Andy Anchor 
says: 


Send for catalog 
describing the 
complete Anchor 


line 


IN HYDRAULIC 
TRANSMISSION 
LINES — 


fluid 


Failure in a 


power 


transmission line is 


usually costly, with expensive equipment down 


production delays and idle manpower until re- 


pairs can be made 


To hold such 


breakdowns 


to a minimum 
: 


Anchor has not only established rigid quality 


standards to which all Anchor Hydraulic Hose 


Assemblies must 


conform 


but makes frequent 


tests and inspections of materials and workman 


ship to ensure conformity to these high standards 


Because of this, the 


piece 


of performance 


ANCHOR HOSE ASSEMBLIES with 
ANCHOR Pressed-On Couplings are 
available for high, medium and low 
pressure service with maximum work- 
ing pressures ranging from 12,500 
PSI for % 1.0. 6 Ply Super Spiral 
Hose to 100 PSI for 2” 1.D. Spiral 
Wire Suction Hose. 


ANCHOR REUSABLE COUPLINGS — 
Regular or Clamp Type, are available 
for emergency repair and year-to- 
year superior performance for high, 
medium and low pressure service 


ranging from 5000 PSI for %” 1.D. 


Anchor emblem 


on any 


of hydraulic equipment is a real ‘pledge 
and service 


2-Wire Braid Hose to 100 PS! for 2” 
1.D. Spiral Wire Suction Hose. 
ANCHOR 4-BOLT SPLIT-FLANGE “O” 
RING HEAD COUPLINGS are avail- 
able in a wide range of sizes for 
high, medium and lower pressure 
applications. 


ANCHOR ADAPTER UNIONS, PIPE 
FITTINGS, SAE BOSS TYPE FITTINGS 
A complete line of Pipe and Tube 
Fittings, Adapter Unions cond SAE 
Boss Type Fittings are offered in a 
variety of styles and sizes to satisfy 
the requirements of any installation. 


334 North Fourth Street, Libertyville, Illinois 
Branch Plants: Dallas, Tex., Plymouth, Mich. 
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catalogs and bulletins 


(J-63) Hydraulic 


13 pp 


Equipment 


Provides dimensions, cap: 


piston pumps rated 100 to 5000 psi, rams 


control valves 


Ill 


hand pumps, flow 


Hydraulic Co, Marengo 


(J-64) Hydraulic and 
Brochure 


and data 


Motors 
+ pp 
dimensions of 
The 


Minneapolis 


30 ps! 
placement type 


Ave NI 


xv 


Motors 
+ pp. Provides performa 


I 
for 


illation 


(J-65) Hydraulic and 
Bulle tin 
and inst information 

raft 


NI 


fixed displacement, ait 
Cornelius Co. 550 39 Ave 


lis, Minn 


ty] 


Brochur 
construction of 
400 


(J-66) Gate Valves 
dime nsions and 


valves for 200 psi steam ot 


ls. Crane Co 
4100 S Kedzyc 


sho K flu 


Group 


t 


Chicago 


+4 


wit 


(J-67) Tube Fittings—Catalog 
ting p for use 


} 
48) 


ferrul 
: ’ 


pias plasth 


5 
Cr 


tubing up to | 
awford Fitting Co, 884 I 


veland 10 


(J-68) Filters—Catalog, 2( 
hiber 


PP 


porous metal, wirewound 


>{ 


( 


Pumps 


Gives performance 


Pumps 


n 


Cornelius Co 


Minn 


re 


psi 


> 


h 
! 


Dp 
ri 


media plus housings. Capacities go | 


15,006 gpm 


)S Vine St, Meriden, Conn 


(J-69) Packing—Catalog 

Vice ondition 

ondenser tube 

rubber and asbe 
The Darcoid 


America NYC 


Rotary 


ntain lection 


Gear Pumps—B: 
tab] 

Pump 
vemicals, viscot 


Dx ming Co Sal n 


dimensions 


Rotating Unions—C 


ring data 


draw ng 


omp! 


Valves—C 

if ind heat ng 
mtr vent, mixing 
pes. The Dole Valv 


St, Morton Grove, III 


Ihe Cuno Engineering 


h } idle 


hixed 


lil 


Brochure 
ithe 


r\ 


nol 


Industrial Product 


continued 
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OYNOs PUMPS 


New special application MOYNO. pumps 
solve many product problems ! 


Here is a completely new concept in 
small pumps. These Moynos success- 
fully handle materials ranging from 
watery liquids and abrasive slurries 
to large particles in suspension. They 
use a single moving pumping element 
. .. have no pistons, valves, high-speed impellers or other 
quick-wearing parts. Moynos easily handle solids and 
abrasives that ruin piston pumps. They minimize seal- 
ing surface problems common to rotary pumps. . . don’t Moyno’s unique pumping principle... as the 
cause foaming and aeration like centrifugal pumps do. hand turns the rotor . . . flow is right to left. 
Moyno Special Application Pumps are available in 
two basic designs, each with or without direct-connected 
motor, in capacities up to 1200 gph and pressures to 
300 psi. If your pumping requirements are so special 
that custom-designed Moynos are indicated, our engi- 
neers will examine your problem and recommend 
Moynos specifically suited to your needs. 
Write today for copy of new Moyno bulletin SSPRE 


ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moynog Industrial Pumps 
Propellair, Industrial Fans * R&M-Hunter Fans and Electric Heat * Trade-Wind Range Hoods and Ventilators 
Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario 
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“O” Rings are applied where round-body 
static or dynamic seals are required 


“Vv” Rings are used as piston or stuff- 
ing box seals against reciprocating and 
oscillating motions 


CHEVRON Packings assure positive seal 
on rams, plungers, reciprocating rods 


Teflon-coated cups reduce breakaway 
friction on inside-packed reciprocating 
pistons 
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For top efficiency and little downtime, 
apply Garlock Teflon Packings wherever 
fluid power is used. 


CHEVRON} Packings of solid Teflon—or 
rubber, coated with Teflon-——are as 
close to “‘frictionless’’ as you'll find. 
First of all, Teflon has the lowest co- 
efficient of friction of any solid material 
in use today. Moreover, the CHEVRON 
itself is designed to permit free opera- 
tion with minimum friction at all pres- 


ENGINEERED sures. Here’s how: with increasing 
* pressures, CHEVRON packing rings 
TEFLON PRODUCTS tighten to prevent leakage. As pres- 
sures decline, the rings instantly ease 


for Hydraulic-Pneumatic off, permitting free operation of the 
Service rod, ram, or piston without leakage. 


This exclusive hinge-like construction 
lengthens packing life and, with proper 
initial adjustment of the gland, elim- 
inates all further adjustments neces- 
sary to compensate for pressure varia- 
tions. Catalog AD-115. 

Tefion “V"’ Rings for higher pressures. 
Flexible enough to respond quickly to 
low gland and fluid pressures due to 
tapered “‘V”’ design. 

“O” Ring Packings made of solid Teflon 
or rubber, coated with Teflon provide 
exceptional anti-friction qualities on 
equipment where a round-bodied seal 
is required. And, a new slotted Teflon 
ring is available to simplify installa- 
tion in standard AN grooves. Catalog 
AD-148. 


Teflon-Coated Cups—the first advance 
in cup design in thirty years. Garlock 
has perfected a technique whereby 
cups are coated with a thin layer of 
Tefion which then becomes an integral 
part of the cup. Teflon-coated cups 
reduce breakaway and running fric- 
tion, and completely eliminate “‘squeal- 
ing.’’ Catalog AD-145. 


GAR L O 


Other fine advantages of Teflon pack- 
ings: Solid Teflon is chemically inert, 
non-flammable, resilient, long wearing. 
It can be applied against new synthetic 
hydraulic fluids at temperatures rang- 
ing from —100°F to +500°F. 


Discuss Garlock Teflon Packings with 
your local Garlock representative. Call 
him at the nearest .of Garlock’s 26 
sales offices and warehouses through- 
out the U.S. and Canada, or write 
Garlock Inc., Palmyra, N. Y. 

Canadian Div.: Garlock of Canada Ltd. 


Order from the Garlock 2,000 .. . two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products. 


tRegistered Trademark *DuPont Trademark 
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522 


“PRES SURE KOOL PUMPS" — unique in design — 
use the Moyno principle for positive delivery of 
coolants at one or more constant pressures, thereby 
improving work quality, increasing machine output MODEL HM 


and reducing ‘‘down time"’ of machine tools. 


This simple principle of an abrasion resistant helical 

screw rotor turning in a stator is time-tested and 

has proven MOST effective for positive displacement 

in pumping heavily contaminated coolants and cut- 

ting oils. ‘‘PRES SURE KOOL PUMPS" have excep- 

tional pulling capacity and far exceed other coolant | ca Vt 
pumps in handling heavy, contaminated fluids, par- ; 


ticularly where suction or pressures are demanded. 


Emptying contaminated coolant with 
“PRES SURE KOOL” mobile unit. 


VERSATILE + MOBILE + EFFICIENT 


“PRES SURE KOOL PUMPS" — free from turbulence and vi- 
bration — can be mounted on a machine either vertically or 
horizontally with suction line piped to coolant tank. Capacity 
and pressure capabilities permit many outlets; some under pres- 
sure to operate a chuck — direct flow of chips — vertical 
delivery of coolant, while other outlet pressures may be re- 
lieved. Positive action may eliminate manual control and allow 
pump to operate automatically with tool head movement. Motor- 
less units may be powered by drive shaft or separate motor 


serving dual function. 


SEND US YOUR COOLANT PUMPING PROBLEMS — 
WE'LL HELP SOLVE THEM. 


Descriptive literature upon request. 


€) Associated E niginmars ries 


SPRINGFIELD, MAS P.O. BOX, 1628.*.\ TELEPHONE RE 4-64; 
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AND © ’4-way 


When you discuss solenoid valve requirements with an 
ASCO engineer, you benefit from the design and de- 
velopment experience of half a century. The ASCO 
specialist can recommend the right valve for your 
needs because ASCO pioneering has brought about 
the thousands of types of solenoid valves now available: 

Two-way valves in pipe sizes from 4%” to 8”—for 
temperatures from -350°F to 600°F —for pressures to 
5000 p.s.i. 

Three-way valves in pipe sizes from %” to 2” — 
for temperatures from -350°F to 600°F — for pressures 
to 1000 p.s.i. 

Four-way valves in pipe sizes from 4” to 144”—for 
temperatures from -65°F to 212°F — for pressures to 
750 p.s.i.— poppet or slide type. 

And ASCO can supply you with standard, explosion- 


SOLENOID VALVE 


proof or water tight enclosures — Class A and Class H 
coils — a wide range of body materials including cast 
iron, brass, bronze and stainless steel. Or trade on 
ASCO experience and have one of our engineers call. 


New! Catalog No. 202 covers the ASCO line 
of Solenoid Valves. Write for your copy today. 


For Immediate Delivery. . . 


World’s largest stock of Solenoid Valves. 
A complete Solenoid Valve Stock List will be 
sent to you with your copy of Catalog No. 202. 


Whatever the crucial factor in your flow control 
applications—reliability, compactness, high cycling 
rate—there is an ASCO valve that meets your need. 


ASCO Valves 


54-G HANOVER RD., FLORHAM PARK, N. J., FRONTIER 7-4600 


AUTOMATIC TRANSFER SWITCHES » SOLENOID VALVES « ELECTROMAGNETIC CON/ROL 


Automatic Switch Co. 
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| FAY SGUTIGALD first to be specified 


by America’s leading OEM's... 


A COMPLETE LINE TO CHOOSE FROM 
FOR YOUR PARTICULAR APPLICATION 
Available in all thread styles and sizes 


Permanently Attached Male 

tek for 1, 2 and 3 Wire 
id rubber cover hose. Plated 

to prevent rust and corrosion. 

Sizes: 4"’ thru 2”. 

Wkg. Press.: 375—5000 p.s.i. 


Permanently Attached Male 
Flare (JIC) for 4 and 6 Spiral 
Wire Braid rubber cover hose. 
Used for Ultra High Pressure. 
Sizes: Ye" thru 1144”. 

Wkg. Press.: up to 7500 p.s.i. 





Reusable Male (NPTF) for cot- 
ton and rubber cover hose. No 
skiving necessary. 

Sizes: 4" thru 2”. 

Wkg. Press.: 350—3000 p.s.i. 


Reusable Swivel Female for 1 
and 2 Wire Braid rubber cover 
hose. Easy field replacement. 
Sizes: 4" thru 114”. 

Wkg. Press.: 375—5000 p.s.i. 





Permanently Attached Flange 
Head Coupli for 1 and 2 
Wire Braid ru cover hose. 
Available in angles to 90°. 
Sizes: Ye” thru 2”. 

Wkg. Press.: 375—5000 p.s.i. 


Clemp Type Couplings with 
—_ flange stems for 1 and 2 

ire Braid rubber cover hose. 
Exclusive ‘‘Inter-Lock" feature. 


Sizes: Ye" thru 2”. 


It’s a known fact that many lead- 
ing Original Equipment Manufacturers 
submit their original specifications for 
their first quotation to Eastman. 


EASTMAN’s unequalled experience 
in hydraulic conversion, plus many 
original designs shown in a few popular 
Eastman fittings at the left—give your 
product an appearance of quality that 
improves its competitive position. 
These assemblies are available in all 
thread styles and sizes. 


EASTMAN Engineering Service... 
Backed by Unequalled Experience 


It is also a known fact that Eastman’s 
co-operative engineering counsel and 
service is highly respected and often 
requested by leading OEM’s. Let 
Eastman engineers help you lay out 
your fluid power lines—from pump to 
point of work—effecting economies in 
design, improving performance and in- 
creasing user satisfaction. 


Let EASTMAN recommend the 
best assembly ... for the best per- 
formance... at the lowest cost. 


pany 


a 
a, 


Wkg. Press.: 375—5000 p.s.i. 


a 


- 
ee 
L- 


Adapters, Adapter 
Unions and Boss “O" 
Ring Fittings. All types 
and sizes available. 


=n 


Bent Tubing with the 
necessary fittings to 
meet your own specific 
requirements. 





Permanently Attached Power 
Steering Assemblies to meet 
all requirements—designed to 
your specifications. 





FOR ADDITIONAL INFORMATION, 
WRITE EASTMAN MFG. CO., 
MANITOWOC, WISCONSIN 
OR PHONE: MURRAY 4-4495 


/» 
: 13h MANUFACTURING COMPANY 
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Permanently Attached Aijr 
Conditioning Assemblies for 
automotive use—designed to 
your particular specifications. 


WRITE for Eastman Tech- 
nical Bulletins Nos. 100 
ane ra ° High, ye 

¥ and Low Pressure Hydraulic 
Dept. PE-9 Hose Assemblies. 


MANITOWOC, WISCOWSIN 
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BHEW HYDRAULIC CYLINDERS 


e BASIC DESIGNS « SPECIFIC ADAPTATIONS e SUPERIOR QUALITY e APPLICATION ENGINEERING 

















Let’s discuss your design and + BENTON HARBOR ENGINEERING WORKS, INC. 
application problems — 


Langley Avenue St. Joseph, Michigan 
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catalogs and bulletins continued 


HIGH PRESSURE PUMPS (Ee 


Standard and Special 13 pp. Furnishes dimensions and rating 


pumps, valves, cylinders, hydrauli 


Components—Catalog, 


for truck mounted and constru 
Air driven. For oil or water service. Eight quipment. Wisconsin Hydrauli 
standard models. Other models for lower 3165 N 30th St, Milwaukee 16, Wi 
or higher pressures. Thousands in use with (J-75) High Pressure Equipment—Cata 
a 12-year record for dependability. Appli- log, 12 pp. Describes such equipment as 


cable wherever low-volume output at high gas compressors, pressure balances, presses, 
: ° . nd ot! 5s. Mt : ar: Ss y I 
pressures is the requirement, such as static sig . . | Dme appar a — K 
, . : as high as 29U,UUU psi igh ressure 
testing, powering presses, forming, clamp- 299° 
8, po oe f & I Equipment Co, 1222 Linden Ave., Eric 


ing shearing, etc. Complete power pack- Pa 


ages also available. Send for bulletins. £ 
(J-76) Plug Valves—Bulletin, 6 pp. Shows 


OPERATING CHARACTERISTICS MODEL S-216-C onstruction and sizes of valve requiring 


Discharge Pressure no lubrication. The Duriron Co, In 
at 100 psi Input +25 N Findlay St, Dayton, Ohio 
Air Pressure 


150 psi 1,100 psi (J-77) Hydraulic Motors « ; s—Bul 
150 psi 1'800 psi J H Ir walle fotors and Pumps—Bul 
150 psi 4,600 psi letin, 12 pp. Pumps and motors are both 
150 psi 6,600 psi . oie Pp ; 1501 : 
150 psi 8,800 psi gear typ ump pressures to >( psi 
150 psi 15,200 psi motors to 1000 psi lso electric motor 
150 psi 23,750 psi psi. A lect 

100 psi 33,500 psi ind pump combinations. Eastern Indu 


tri Inc, 100 Shiff St, Hamden, Conn 





Max. input 


Model No. Air Pressure 





YEYYuoNYy 
NNNNNMNN PA 
totatatetetetey 
PPPPPPPH 

















SPECIAL PUMPS—A wide selection of special pumps is also avail- 
able for various pressures and service. These include ratios 
down to 1-to-1 and up to 500-to-1, special materials for volatile 
and corrosive fluids and designs to suit specific working prob- + 100 ia hes 
lems. We invite your inquiries relating to special problems. $ Ree ag aaah selieny, 4 

‘ i 8 E i neerit o, 12 New York Ave, Newark | 


DE-IONIZED WATER PUMP—Model HIGH PRESSURE PNEUMATIC— NJ 
$-216-S-60: Designed for use with “ye a Unit: od nitrogen, £79) Ofecs-Cotslor, 12 pp. Liste 

Seti iani air, helium and many other gases. { ) lets atalog, 12 pp ists dimen 
distilled, de lonized water. Aise Six air-operated models provide max. ions of types with lids, self-sealing rubber 
handles mildly corrosive fluids which — oytput gas pressures from 1000 to 
must not be contaminated by lube 8000 psi. A complete, ready-to-use H“. 
oil of the driving section. Measures eorclhg es fire i ameates D p ~ tend i D 

, Y” ; ; controls. Unit is igh, mounte 1KIN 900 Freelanc ve etroit 

8%” x 17%”. (Also available in a on 22” x 58” platform. (Booster 7 
complete power package.) available separately.) 


(J-78) Chemical Process Pumps—Catalog 
Presents dimensional drawings, per 


urves, applications of pump 


springloaded balls. Oilers ar 


press on to tubing Eynor 


(J80) Leather Packings — Brochure 


SPRAGUE »p Provides dimensional standards 
te! desig ipp 


SiN ign discussion, glossary, ap] 
E vy , yy ( a. bi ible tables. Excelsior Leather Washer 
Mfg Co, Inc, 720-730 Chestnut St, Rock 

19330 S. VERMONT AVE. ford, 
GARDENA. CALIFORNIA (J-81) Lubrication Systems—Bulletin 


Central manual or automat pumy 


FAculty 1-141] DAvis 4-6677 leliver oil through valves for indi idual 
lubrication points. Sample systems shown 


Farval Div, Eaton Mfg Co, 3300 I 
St, Cleveland 4 


(J-82) Filters—Data sheets, 28 py 


i 


PROTECT EXPENSIVE GAGES . nts installation instructions, capa 


SPRAGUE Model S-214 Series shut off 4 ORT t4. ings, friction loss charts for liquid filter 
valves automatically cut out gages and other _ ’ I iltros Inc, 601 W Commercial St, | 
pressure-sensitive instruments when fluid a Rochester, N1 

pressures go beyond their operating limits. 4 a. (J-83) Hydraulic Tube and Pipe Fittings 
Automatically open when pressure is again : Catalog, 26 pp. Lists sizes of self-flaring 
within approx. 80% of set cut-out points. , a flareless and flare type fittings. Explain 
Available for any pressure setting between ' ‘ ow to install, gives specifications. Flodat 
10 psi and 10,000 psi. Supplied with stand- Corp, 16911 St Clair Ave, Cleveland 1\ 
ard pipe thread connections, also available (J-84) Straight Thread Tube Fittings 
with AN tube fittings. Easy to instal). — talog, 20 pp. Lists sizes of fittings such 
Thousands in use. ; ws, tees, connectors. Includes o 


Write for Bulletin No. 3700. rings tools. Flodar Corp, 16911 St 
Cleveland 10 
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Aeroquip’s Wide Range of Fluid Line Products 


Aeroquip's extensive product line and 
wide range of engineering experience 
can help product designers solve fluid line 
problems. Highly qualified Aeroquip sales 
engineers are at your service throughout 
the country to assist you in fluid line design, 
prototype, production, field service and 
service parts programs. Many major 
equipment producers have used this valu- 
able Aeroquip Fluid Piping Service to 
advantage. Mail the coupon below for 
full information. 


Over 60 Hose Types 


Aeroquip produces over 60 different hose 
types with cotton braid, single wire braid, 
multiple wire braid and wire wrap rein- 
forcing for pressures up to 5000 psi. Inner 
tubes are made of Teflon or synthetic 
rubber to convey steam, chemicals, hy- 
draulics, fuels, air, hot water and other 
fluids. Aeroquip Hose and Reusable Fit- 
tings are available in sizes from Ye” up 
to 7” diameters. 


— a, Couplings Unlimited 


For quick connection and disconnection of 
fluid lines, use Aeroquip Self-Sealing 
Couplings. Aeroquip can provide the 
coupling to meet your function and size 
requirements, from miniaturized quick- 
disconnect couplings up to 12” cargo 
transfer couplings. 


Joints 


Use dependable Marman Couplings and Joints for better 
tube and pipe connections. Engineered in wide range of 
styles, sizes and performance ratings up to 20,000 psi. 
and 2000” F. for better sealing, stronger connections, 
easier disassembly. 


Aeroquip Corporation, Jackson, Michigan 

Please send items checked 
Aeroquip Cotalog No. 25 

CO) Self-Sealing Couplings 


C) Marman Catalog No. 8 covering V-Band Couplings and Joir 
CT) Bulletin 614 covering Aeroquip's Fluid Piping Service 

Nome 

Title 

Company 

Address 


PRODUCT ENGINEERING — Mid-September, 1960 CIRCLE 527 ON READER SERVICE CARD 





J 


HYDRAULIC AND PNEUMATIC EQUIPMENT 





Proper selection of constant 
Hydraulic Pumps for systems 


By: Ellis H. Born 
Director of Sales-Engineering 
Denison Engineering Division 
American Brake Shoe Co. 
Columbus, Obio 


Whether to use a high pressure 
system or a low pressure system is 
perhaps the most basic decision the 
designer faces in developing the 
proper hydraulic system. This deci- 
sion involves such factors as effi- 
ciency, space requirements and, most 
important, cost. 


528 


SPACE CONSIDERATIONS 

Furnishing fluid horsepower is the 
function of a hydraulic system. 
Horsepower yield is determined by 
multiplying system pressure (psi) 
times flow rate (gpm) times a con- 
stant of 0.000583. Application of 
this formula reveals that a 5000 psi 
system develops five times the horse- 
power of a 1000 psi system at the 
same rate of flow. Accordingly, the 
5000 psi system requires only 20% of 
the flow rate of a 1000 psi system to 
produce the same fluid horsepower. 


Reduced rate of flow permits 
designs which incorporate smaller 
valves, piping, hydraulic cylinders 
and reservoirs. Since reservoirs are 
often the largest single fluid compo- 
nent in a system, appreciable space 
savings can be realized with high 
pressure systems. If recommended 
hydraulic practice is followed, reser- 
voir capacity is three times greater 
than the gpm displacement of the 
pump. Hence, for the same amount 
of fluid horsepower, reservoir capac- 
ity can be reduced as much as 80% 
in a high pressure system. The high 
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MOUNTINGS 


FLANGE 


FACE and PEDESTAL 





BRACKET 


Denison constant volume axial piston pumps offer volumes 
up to 122 gpm, pressures to 5000 psi, at their rated speeds 
of 1200 and 1800 rpm. Face, flange, bracket or pedestal 
mountings are available for ready adaptation to your par- 
ticular installation. Models are available for either clock- 
wise or counter-clockwise rotation. 


PISTON CYLINDER BARREL 


ROLLER BEARING 


PLATE 


DRAIN PLUG 


SHAFT ASSEMBLY 


PORT PLATE 


DETAILS OF CONSTRUCTION 


volume Axial Piston 
up to 5000 psi 


pressure system not only allows sav- 
ings in space through use of smaller 
components and capacities, but 
reduces the weight and mass of the 
hydraulic power package as well. 


COST FACTORS 


Use of smaller components in high 
pressure systems not only saves 
space, but affords worthwhile cost 
reductions. 

Compact system elements cost less 
and because they are smaller, as well 
as lighter, assembly is easier and 
faster. Raw material requirements 


are also reduced. These advantages 
permit the over-all hydraulic system 
design to incorporate less weight and 
mass. The latter is especially impor- 
tant where portability is concerned. 


SYSTEM EFFICIENCY 
In any hydraulic system, a part of the 


generated fluid horsepower is used 
to force fluids through the system. 


Resultant line and pressure decreases 
are far less significant in high pres- 
sure systems. For example, a pressure 
drop of 50 psi represents a loss of 
5% in a 1000 psi system, but only a 
1% loss in a 5000 psi system. It fol- 
lows that high pressure systems have 
an inherent efficiency advantage over 
low pressure systems. 

The ability to provide sustained 
efficient power for a high pressure 
system is best fulfilled by a precision- 
built axial piston pump because of 
its low slippage rate and operating 
characteristics. 

All internal forces created by 
hydraulic pressure against the mov- 
ing parts are counteracted by the use 
of hydraulic balancing. 

Using the principle of hydrostatic 
balancing eliminates the need for 
expensive and often cumbersome 
thrust bearings in the pump. This 
design minimizes pump size and 
allows a more compact pump or fluid 
motor package. 

Other advantages are gained 
through hydrostatically balancing 
pistons and the cylinder barrel. For 
example, excessive loading of piston 
shoes against the cam plate is avoided. 
In addition, excessive loading of the 
cylinder barrel against the port plate 
is prevented, virtually eliminating 
wear caused by sliding action. 

Life expectancy of internal axial 
piston pump parts is almost infinite 
since constant lubrication is supplied 
by system fluid. 

Data and specifications on 5000 
psi pumps, motors and controls are 
available from your Denison repre- 
sentative—located in principal cities 
—to assist you in developing 
hydraulic systems for maximum 
efficiency and economy. 


NEW CATALOG 
FOR DESIGNERS 
AND ENGINEERS 


Write for your 

copy of Bulletin 220— 

“Hydraulic Power to 5000 psi”. 
Includes complete specifications, 
operating data and applications for 
Denison’s full line of hydraulic 
pumps, motors and controls. 


DENISON ENGINEERING DIVISION 
American Brake Shoe Company 


1194 Dublin Road 
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BE SUR Ewin ——— 


Cataloged Lines 
of 
Air and Hydraulic 
Cylinders 


; 
8 
: 
t 
: 
a 


LOGANSPORT MACHINE CO., INC, 
812 CENTER AVENUE, LOGANSPORT, INDIANA 


PLEASE SEND COPY OF CATALOG 


(CD 100-1 AIR CYLINDERS (CD) 200-1 HYD, POWER UNITS 

(CC) 100-2 MILL-TYPE AIR CYLS. (C) 200-2 ROTOCAST HYD. CYLS. 
(C) 100-3 AIR-DRAULIC CYLS. () 200-3 750 SERIES HYD. CYLS. 
(C) 100-4 AIR VALVES (2) 200-4 AND 200-7 HYD. VALVES 
(CJ 100-5 LOGANSQUARE CYLINDERS (C) 200-6 SUPER-MATIC CYLS. 

([) 100-6 ULTRAMATION CYLINDERS C) 300-1 cHucKs 

(C) 300-2 PRESSES ( age BOOKLET 

(C FACTS OF LIFE CO CIRCUIT RIDER 


TO: 
NAME TITLE 





COMPANY 





ADDRESS 





|. ce hm amarmmmmesacpaaae 
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4.44... 44.7 


Of all U. $. Metalworking Plants 


Use CYOM 


AIR and HYDRAULIC 
EQUIPMENT 


Free 


SEND FOR 
YOUR COPY OF f/f 


A down-to-earth 
20-page booklet 
on the “rights” and “wrongs” in setting up 
and servicing air and hydraulic equipment. 


MEMBER: National Machine Tool Builders’ Assn.; 
National Fluid Power Assn. 
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by E. H. Schanzlin, 
Chief Engr., Tuthill Pump Co. 


Extremely high reliability, proven 
in thousands of applications over a 
30 year period, has made Tuthill’s 
internal gear pump an industry 
standard. The Internal gear con- 
struction particularly adapts it- 
self to reversing pump applica- 
tions as indicated in the sketches 
at right. 


How It Operates 
Key elements are the rotor, idler 
gear and the crescent shaped par- 
tition. This crescent shaped parti- 
tion, shown in heavy black, is cast 
integral with a moving part called 
the idler carrier. 

In the drawing at left, power is 
applied in counterclockwise rota- 
tion to the rotor and transmitted 
to the idler gear with which it 
meshes. The space between the 
outside diameter of the idler and 
the rotor is sealed by the crescent. 
When the pump is started, there 
is an increase in volume as the 
teeth come out of mesh. This cre- 
ates a partial vacuum, drawing 
the liquid into the pump through 
the suction port. The liquid fills 
the spaces between the teeth of 
the idler and rotor and is carried 
past the crescent to the pressure 
side of the pump. When the teeth 
mesh on the pressure side the 
liquid is forced from the spaces and 
out through the discharge port. 

When shaft rotation is changed 
from counterclockwise to clock- 
wise, as in the drawing at right 
above, the idler carrier, (including 
the idler gear and crescent) auto- 
matically rotates 180° through the 
suction zone. This changes the 
directional flow within the pump 
without changing port positions. 
The idler carrier rotates in a cover 
casting fitted with stops so that 
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The TUTHILL Internal Gear Pump... and 
its advantages in reversing applications 


HOUSING 


| 


| BUSHING 


L— IDLER 
\ | 
j 


COUNTERCLOCKWISE ROTATION 


the crescent can rotate only 180° 
—always through the suction 
zone. If rotation were again re- 
versed to counterclockwise, the 
crescent would swing back to its 
original position (shown at left 
above). 


No valves required... 
ports remain constant 
This unique construction permits 
positive reversing action, without 
any valves, and with the port 
positions remaining constant. In 
addition Tuthill’s reversing pumps 
provide all the other attributes of 
internal gear construction . . . 
extremely high reliability, com- 

pactness, and high efficiency. 

Reversing Pumps with internal 
gear construction pay particular 
dividends on applications where 
the pump must be driven from a 
reversing shaft or when machinery 
must be shipped without knowing 
the ultimate direction of the driv- 
ing unit. 


375 reversing pump models 
Tuthill offers a complete selection 
of over 800 different pumps in- 
cluding 375 different reversing 


€ 


CLOCKWISE ROTATION 


pump models for capacities from 
14 to 200 GPM; for pressures to 
400 PSI; and speeds to 1800 RPM. 
These include a complete selec- 
tion of stripped models for incor- 
poration into products. Specially 
designed housings, shaft exten- 
sions, relief valves and many other 
features can be developed by 
Tuthill’s engineers to meet the 
requirements of specific appli- 
cations. 

Catalog 105 contains complete 
information on all Tuthill Revers- 
ing Pumps. Write today for your 
copy. 


Typical Tuthill Reversing Pump. 
Model 2RC has capacity of 5 GPM 
operating at 100 PSI, 1200 RPM. 


Tuthill manufactures a complete line of 
Positive displacement rotary pumps in 
capacities from 1/3 to 200 GPM; for 
pressure to 300 PSI; speedsto 3600 RPM. 


my TUTHILL PUMP COMPANY 


YOUR PURPOSE — 
Aj 967 East 95th Street, Chicago 19, Illinois Is. 
_— aw 
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Synclinal Synclinal Bonded 
SUMP LINE LINE 
TYPE TYPE _— | TYPE 


CAPACITIES: 5—8—10—20—30—50—75 and CAPACITIES: 5—8—10—20—30—50—75 and CAPACITIES: 10—20—30—50 ana 75 G.P.M 
100 G.P.M. 100 G.P.M PIPE SIZES: 1°—1%"—1%"—2" and 24" 

PIPE SIZES: %"—1°—1)4"—1)4"—2"—2/4" and 3”. PIPE SIZES: %" —1°—1)4"—1)4" —2° —24" and 3° BY-PASS VALVE: Available with or withour 
BY-PASS VALVE: Not available OPERATING PRESSURE: Up to 250 p.s.i 
OPERATING PRESSURES: Up to 80 p.s.i OPERATING TEMPERATURES up to 300° F 
For use with regular petroleum base Hydraulic Oils, For use with regular petroleum base Hydraulic Oils, For use with regular petroleum base Hydraulic Oils, 
Coolants, Lubricants, all types of Fire-resistant Coolants, Lubricants, al! types of Fire-resistant Coolants, Lubricants, all types of Fire-resistant 
Hydraulic Fluids and Water. Hydraulic Fluids and Water. Hydraulic Fluids 


CONNECTIONS: Coupling—Male Nipple. 
BY-PASS VALVE: Not Available. 


MARVEL FILTERS are designed to rive more ACTIVE filtering 


FILTERING MEDIA in all Marvel Filters is Monel wire 
mesh sizes of 30-40-50-60-80-100-150 
requirement. 


: meet. of filtration 
— 
PIPE SIZES: %"— rae and 1)" (at both inlet : ; ane Bie . 


BY-PASS VALVE: Available with or without 
By-Pass Valve. 3 


F th regular petroleum base Hydraulic Oils, ; 
Coolants, Lubricants and all types of Fire-resistant IMMEDIATE DELIVERY 
Hydraulic Fluids. | ERs hel or size filter—Write—wire or phone 
MARVEL ENGINEERING COMPANY 
, . 
7227 NW. Hamlin Ave., Chicago 45, Illinois « Phone: JU niper 8-6023__ 


Tandem Synclinal 
SUMP TYPE Bonded SUMP TYPE 


CAPACITIES: 10—16—20—40—60—100—150 and PIPE SIZES: 1°—1%"—1%" —2°—and 21,” 

200 G.P.M. . : P 
CONNECTIONS: Coupling—"O”" Ring— 

PIPE SIZES: %—1"—-14" 14" -2°-2%" and 3”. ° —_ 

CONNECTIONS: Coupling—Male Nipple. BY-PASS VALVE: Available with or without 

BY-PASS VALVE: Not available. By-Pass Valve 

For use with regular petroleum base Hydraulic Oils, For use with regular petroleum base Hydraulic Oils, 

Coolants, Lubricants, all types of Fire-resistant Hydraulic Coolants, Lubricants and all types of Fire-resistant 

Fluids and Water. Hydraulic Fluids 
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=e ce Oe = Op 
=< YOU HAVE A emg - 
BETTER CHANCE ~Qgasb! -gumes: 
“ifm OF FINDING THE EXACT 


POWER CYLINDER YOU NEED IN 


=—e— g a A STANDARD 


PRODUCTION MODEL €@~ =<aijui> 


emg@ AT ANKER-HOLTH 


HERE’S WHY: 


Anker-Holth makes the world’s widest selection 
of standard power cylinders. That means that you have a better 
chance of finding the exact cylinder when you call on us for your 
power needs. Anker-Holth standard cylinders, built to JIC speci- 
fications with bores of 1 to 30 inches and strokes to 40 feet, are 
time-tested and experience-proved in every major industry. Nine 
complete lines are offered and all mountings are available. 


Send this 


ANKER @ HOLTH 


DIVISION, THE McDOWELL-WELLMAN COMPANIES 


80A1-1 
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This free catalog 
shows all our standard 
production models. 
Send for it today. 


pocsccssss------- 


AN KER-HOLTH DIVISION 
THE WELLMAN ENGINEERING COMPANY 
2723 CONNOR STREET. PORT HURON, MICH., U.S. A. 
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THE FITTING 
THAT “THINKS 
FOR ITSELF” 


C ring Seat” 
TUBE FITTING 


Only LENZ gives sep- 

arate Seal and Grip... 

Fits any tube wall 

thickness...no metal 
to metal seal...no 
» exact tube length nec- 
} essary... reusable! 


SEALS The Tube! 


The higher the pres- 
sure the tighter this 
O-Ring seals! 


| GRIPS The Tube! 


The higher the pres- 
sure the stronger this 
split, tapered ring 
grips and locks! 
In a complete range of sizes of Connectors, 
Unions, Elbows, Tees, Crosses and Reducers! 


The LENZ Company 
3307 Kiepinger Road 
Dayton 1, Ohio 
Phone: CR 7-9364 
For Nearest Distributor See 
Thomas Register A-Z Section 


See Fluid Power Directory for Complete Catalog 
CIRCLE 692 ON READER SERVICE CARD 


Write Today for 

FREE Catalog of 

Complete Tube 
Fitting Line 


ALL-POSITION 


CHECK VALVE 





METAL POPPET 


For steam, hot 
or cold water, 
oil, gas, and 
compounds. 


Designed for rugged service. Also 
available with Buna rubber poppets for 
ise with air or cold water. Sensitive in 
operation. Work in any position. Made 
, 200 lbs. pressure. We 
— will design special Check 

Valves; tell us your 
Write for Bulle 


tin 201 and prices. 


in seven 1Z€ 


needs. 


STRATAFLO PRODUCTS, INC. 


FORT WAYNE INDIANA 


catalogs and bulletins continued 
(J-85) Hydraulic Port Fittings—Catalos 

pp Lists sizes of no-swing t 
ing metal-to-metal contact 
and installation instructions 


16911 St Clair Ave, Cle 


(J86) Flow Controls—Catalos 
scribes restrictor, needle valves 


Ratings t 
Controls, In Box 


regulators 


| low 
Ohio 


(J-87) Relief Valves—Catalog 
vides dimensioned drawing 
tics curves of hydrauli 

5,000 psi Fluid Contr 


0, Mentor, Ohio 


(J-88) Check Valves 

ind curves for up to 
Fluid Contr 
Mentor, Ohio 


drawings 
valves used with oil 
Box 186, 
(J-89) Sealless Pump —Bulletin 


scribes in-line, completely en 


trifugal pump having no shaft 
Corp, Dynapump Div, Buck & 


Line Rds, Huntingdon Valley, Pa 


(J-90) Differential Pressure Manifold Valve 
Describes valve which 
of fluid 
lakes up to 150 psi and vacuum. | ranke] 
S Fifth 


Brochure, 4 pp 


; diaphragm to contro] routing 


Engineering Laboratories, In 7 
St, Reading, Pa 


(J-91) Magnetic 
pp. Filter removes ferrou 
lubricating 


Separators—Br 


hydraulic and 

Working pressure is 10 

up te 200 gpm SG Fra 
1138, Trenton 6, NJ 

(J-92) High Pressure Magnetic Separators 
Brochure + pp hilter ren f 

from hydraulic fluid. Working 

pI ssurcs go up to Wp i t 
10 gpm. S G Frantz ( 

I'renton 6, NJ 


parti les 


(J-93) Relief Hydraulic Valves 
15 | Presents flow 

ns of flange and 

lant pumps also ih 
flo Specialties Co, In 
Blanchester, Ohio 


(J-94) Coolant 
Shows pa kaged machine toc 


Pumps—Catalog 


tems and 
pumps Gsravmulls Cc 


Ave, Chicago 


SC pal itt 


(J-95) 


Show ynstruction y of, how t 


Accumulators—Broch 


bladder type hydro-pneumatic accum lat 
reer Hydraulics, In 496 Grand B 
Westbury, NY 


(J-96) Silicone Fluids 
Discusses characteristi 


damping 


Midland, Mich 


pling 
( orp 


springing 


534 CIRCLE 534 ON READER SERVICE CARD 


(J-97) Hydraulic Cylinders—Bulletin, 10 


pp. Describes various configurations with 
bores to 12 in operating pressure rating 
to 2 psi. Hannifin Co, Div of Parker 
Hannifin Corp, 525D S Wolf Rd, De 


Plain I}] 
(J-98) Air Valves 


. 
plains operation, uses and 


Bulletin, 12 pp. Ex 
haracteristi 

ind four-way valves. Include 

Hannifin Co, Di 
7 Parker-Hannifin Corp $25D S Wolf 
, Il] 


} 


mtrol valves 


(J-99) Hose Couplings—Catalog 


ick nn 


ta n rT 
ind two 


way shutoff and 


The Hansen Mf 
St, Cleveland 5 


Disconnect 
Shows _ pressur ind 

for hydraullic fluids, air 
ind other gases and liquids. Al 
Hansen Mfg Co, 4031 
Cleveland 


(J-100) Quick Couplings— 


tale nT 
(ata t pp 


amps. ‘The 
15 St 


J-101) Solenoid Valves—Brochur 
‘ fications and prices of tw 
ntrol, water and mo 
yw-switch type Autor 
Div, Hays Mfg Co, 
Pa 


(J-102) Double Wall Tubing—Brocl 
». List Z ind specihcations 
ved steel tubing in 
Avon ‘Tube Din 
Mfg ¢ rth & Water St 


M 


(J-103) Hydraulic Piston Rings—Broch 
Pr | amp!) ing pe incat 
tides to design of 
OV Piston R 


lway, Milwauk 


J-104) Hp Valves and Fittings—Cata 
16 pp. G lrawings and dimensions f 


psi fittings. Al th 


] . ' 
I Pa 


(J-105) 15 Kpsi Hp Valves and Fittings 
(atalo I ‘ I 


P} rart described 1 


ire rated up to 15 p 
Equipment Co, 1222 Lin 


Pa 


(J-106) Safety Heads—Catalog + py 
diy 


nensions of head 


using ruptur 
from 3,000 to 30,000 p 
Equipment Co, 1222 

) 


E1 Pa 


(J-107) Solenoid Valves—Bulletin, 4 pp 
Provides electrical characteristics and di 
mensions in following sizes: 4 ind 4 
in. pipe or JIC tubes. Hoke In lenakill 
ark. ( kill, NJ 
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HYDRAULIC AND PNEUMATIC EQUIPMENT aJ 
Creative hydraulics by Sundstrand 


Variable input—constant output speed 
transmissions designed for mobile equipment 


Compact, lightweight, highly efficient hydrostatic transmissions develop up to 9 hp 


RESERVOIR 





Here’s a new idea in boosting efficiency Typical Hydrostatic Transmissions 
constant output speed auxiliary opera- . 


ol 





PuMP | mere. 

ONSTAN 

ee ae OUTPUT SPEED 
RPM + 5%," 


tions on mobile equipment. Compact, ouTPpuT 
high-efficiency hydrostatic transmissions | HP. 
designed to use low-cost piston-ty 


pe ——ee 

, , 2 hp 300 to 3000 
pumps and motors are being introduced 
in six standard sizes by Sundstrand—a |} 3hp 450 to 3000 
company with more than 10 years’ experi- 600 to 2500 
ence in constant speed drives 


32 PV Variable Principal components of the Sund 
, , | 850 to 23¢ 
Displacement Pump strand hydrostatic transmission as showr 30 to 2300 


800 to 2400 


it the left are: (1) Variable displacement 950 to 2200 


axial piston pump, (2) a fixed displ 


=. ment axial piston motor, and (3) a sma tant wit . 
* 7 “ 


1 %-quart) reservoir. Output horsepower valve or bypassing of oil under 
| T ec cr » ? . 
depends on input speed range (see table essure as pump delivers only the amount 


at right). oil needed. High efficiency is obtained 

Motor speed remains constant within therefore there is no problem of heat 
% despite variations in pump input dissipation. 

peed because of the unique control The lypic al appli ations for Sundstrand 

pump continually measures its own out- hydrostatic transmissions include: Alter- 

put and makes adjustments automatically nator drives on construction and fire- 


in order to deliver a constant flow of oil. fighting equipment, refrigeration 


1Y be canis By adding a small independent manual compressor drives, fan drives in air con- 

control to the circuit, pump delivery may ditioned buses, and conveyor drives on 

be regulated to vary output speed of the agricultural, construction and minir 

motor from zero to maximum RPM. equipment. 

Constant motor output speed is main- Sundstrand hydrostatic transmissions 

tained at any particular valve setting. can be the answer to your power require- 
System is unusually compact and light ments. Get more facts by sending a brief 


weight. There’s no spilling of oil over outline of your needs to address below. 


tet SUNDSTRAND HYDRAULICS 


Displacement Motor DIVISION OF SUNDSTRAND CORPORATION 
2210 Harrison Ave., Rockford, I!!.—Eastern Sales Office: 89 Summit Ave., Summit, N. Jd. 
AIRCRAFT AND INDUSTRIAL HYDRAULIC TRANSMISSIONS, PUMPS, MOTORS AND VALVES 
OIL BURNER PUMPS «+ AIR SANDERS * LATHES, MILLING, BROACHING AND SPECIAL 
MACHINES * BROACHING TOOLS * MAGNETIC CHUCKS * PACKAGING MACHINERY 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


For your Vacuum and 
Pressure Applications... a 


e Four Curved Vanes scoop 
up large volumes of air. Easy- 


action hinges enable vanes to 
Get these , open and close by centrifugal 
‘ ; force 
. 

Exclusive Advantages ABs... e Cast Iron Vanes and Cyl- 
inders are precision-machined, 
then hone themselves to hard 

f LEIMAN glassy smoothness during opera- 
0 k tion — take up their own negligi- 
ble wear — assure leakproof seal 

and fully-rated capacity for 


HINGED VANE DESIGN! — 





e Extra-large Air Space 
provides 2 to 3 times more 
T time- on ar ; fi capacity per pump, permits use 
of smaller pump 


@ Minimum Maintenance be 
cause simplified design has fewer 
moving parts—no gaskets or 
packing —no composition vanes 
to replace 


© Also quiet operation—even 
air flow — every pump subjected 
to long test runs before shipment 


LEIMAN BROS., Inc. we 


105 Christie St., Newark 5, N. J 
Established 1887 


Rotary Positive Write for new catalog showing construction, types, a fy 

é sizes and specifications, plus Application Book containing y ‘S 
, 2 Ss 

many “how-to-do-it’ blueprints S 
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HYDRAULIC PACKINGS ’ ; 

.. LCATMOU \MPREGNATED WITH Sreciky +ENF 
THIOKOL, ACCRILOIDS, SILICONES, 

or WAX FORMULAS RE-USABLE gay 


mrercuanceasile HOSE 
wer =— ss RUT TUGGS 


A Complete 

Line 
ASSEMBLIES 
ADAPTERS 
COUPLINGS 
CONNECTIONS 
1 & 2 WIRE BRAID 


EXCELSIOR LEATHER WASHER MFG. CO. ” RUBBER HOSE 
ROCKFORD, ILLINOIS (Estoblished 1916) RAVER Hees 
ACCESSORIES 
For 
i and 2 Wire 
Braid © 1 and 2 
Rayon Braid 








Detailed engineering data and specification sheets furnished on request 


For your most demanding specifica- 
tions... Lenz fittings meet J.I.C. and 
S.A.E. standards for low, medium and 
high pressure systems... Oil, Fuel, 
Water, Gas and others. 


Write Today The LENZ Company 


GASKETS and WASHERS For FREE Hose 3307 a 


: , Catalogs of phone: cR 7-9364 
. cut from all types of non-metallic materials, such as: Complete Line ‘ 


Leather ® Accopac ¢ Asbestos © Rubber ¢ Silicone Specify Type For Nearest Distributor See 
Nylon © Fibreglass © Felt © Fibre © Cork © Vinylite Thomas Register A-Z Section 
Tefion * Viton “A” © Mylar, etc. j See Fluid Power Directory for Complete Catalog 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


catalogs and bulletins continued 


(J-108) Plug Valves—Catalog, 32 pp. | EXCL USIVE WITH oy | 
Gives sizes, > * ratings, aterials fo 

eat Vaal ts aie’ dpeneed tein: 1 ROD SCRAPER PLUS 
Homestead Valve Mfg Co, Box 348, 

Hometed Vai ox 348, | ROD WIPER AS STANDARD 


J.1. C.Interchangeable LJuareuine Series features a Metal Rod 
Scraper plus a Rod Wiper in a quick change Cartridge — Double 
protection against chips, dirt, damage. Unitized cartridge rod 
with liquid being handled. Homestead | bearing ... easy removal and replacement .. . no cylinder dis- 
Valve Mfg Co, Box 348, Coraopolis, | assembly necessary! 

Pa 





(J-109) Plug Valve Lubricants—Catalog, 
16 pp. Contains table to match lubricant 


(J-110) Synthetic Packings—Bulletin, 4 
pp. Cup packings are made of plasti 
resin and an elastomer. Bulletin gives 
sizes, Operating ranges. E F Houghton & 

303 W Lehigh Ave, Philadelphia 


,> 


(J-111) Air Control Valves—Bulletin, 12 | sLJuaretine 2000-3000 PSI HYDRAULIC 


pp Describes 125 psi service valves de « 1'4" to 12” bore ® True cushion-automatic concentric alignment 


igned for limited mounting spaces. Can * 100% JIC interchangeable * Positive piston locknut design 
used with oil or acidic water. Hunt * Delivery from stock! 


Co, 1913 E State St, Salem, Ohio 
: : | : THE COMPLETE LINE 
(J-112) Air Control Valves—Bulletin, 12 


pp. Describes 125 psi service valves which 
join to form manifold and are compact 
Can be used with oil or acidic water. Hunt 
Valve ¢ 1913 E State St, Salem, Ohio 


J 113) Solenoid Air Valve—Bulletin 

Shon nn etn rROUNDLINE AIR-HYDRAULIC 
| g ] . 

f pilot eer valve with quick ND I E 

replacement feature Hunt Valve ( 
1913 E State St, Salem, Ohio 





(J-114) Fluid Handling Equipment—Bul 
letin, 4 pp. Describes air compressors 
vacuum pumps, gear and centrifugal liquid 
pumps, separators, strainers, filters and 
thers. The Kraiss] Co, Inc, 299 Williams 


Ave, Hackensack, NJ ® Space saving designs! @ Spring loaded “V" packing on 
e Light weight! rod end gland. 

(J-115) Valve Operators Brochure, 8 PP * Full 1 to 1 Meehanite cartridge 
Motor and gear driven units allow opera rod bearing. © Sieg dine eattecs ened tedinn 
« Precision honed heavy wall ring. Allows 360° orientation 
Provides selection charts and tables. Hupp tubing—6 to 1 safety factor. of pipe ports. 

Aviation, Electrodyne Div, 6633 W_ 65 
St, Chicago 38 


, Chicag TARY, TORQUE ACTUATOR 
(J-116) Control Valves and Cylinders RO PNEUMATIC-HYDRAULIC 


Data folder, 14 pp. Describes multi 
plunger valves and telescopic cylinders 


tion from remote pushbutton station 





*@ New design opportunities 


# To 370° rotation as standard 


Valves have up to six plungers, four op 
: . f rful torque 
erating positions. Husco Hydraulic Unit a ball 


Specialities Co, Box 257, Waukesha, m * Air, oil, gas, water operation 


Wis 


® Zero leakage 
(J-117) Hydraulic Equipment—Brochure, 8 STANDARD ROTATIONS 

8 pp. Describes range of sizes and capaci , 6. o-160 o209 

ties of gear and vane type pumps and fluid 0-190 0-370 





directional, pressure and flow 


: A RS 
valves. Hydreco Div, The NY Air Brake IMMEDIATE DELIVERY ON ALL STANDARD CYLINDERS AND ACTUATO 
Co, 9000 E Michigan, Kalamazoo, Mich 


(J-118) Rod and Piston Packing—Cata- SEN gape [ A p ] l 





3 pp. Gives sizes for hydraulic and 
pneuiaatic cylinder packings. There are Complete bound file. Air and 
types to handle up to 4500 psi. Hydraulic pycrouns cymneers See 
t I I y 1 clamp cylinders, air valves, and 
Accessories Co, 24301 Hoover Rd, the new sCJuareune. Complete 
Warren, Mich details and prices. SEND TODAY 


ntinued 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


ROTARY AIR MOTORS, COMPRESSORS, VACUUM PUMPS 
OFFER BIG ADVANTAGES AS ORIGINAL EQUIPMENT ON 
HUNDREDS OF PRODUCT APPLICATIONS . . . 

1/20 TO 7 LP. 


Specifications 
Explosion-proof Gast Air Motors give Model HORSE POWER Net Wt. 


you amazing compactness and light No. At60P.S.1. At 90 P.S.I. Lbs. 4 = 
J ' 1% 
a) 2 38 52 | 1AM-NCC-16 
~. ° 
—— 7 
' 25 < 


weight for hp rating. You get the 
“65 4AM-FCC-1C 


advantage of a wide range of vari- 
2AM-NCC-16 
AIR COMPRESSORS FROM .6 TO 45 C.F.M. 


able speeds plus low speeds without 
stalling. They'll start in any posi- 
tion. They can’t burn out from over- 
loads. Rotor vanes take up their 

; . *% 3 - -G10X 
Integral (motor-pump) — Compact, light Rec. Stems, Poeneure 0211-P3A-G10 
weight, efficient package” units. Vanes Contin- 10 
take up their own wear. Compressor wie iin 


own wear. Simple, almost service 

free, Gast Rotary Air Motors ‘‘fill the 

rotor mounted on motor shaft for quiet, Model ly On-Off Hp. 

pulseless air delivery. 2 1/12 
5 








= 
x 





1AM 


unl» 


| 
| 
| 


N N= 
— 
| 


} 
| 
| 


SS \ssiaais 


bill’ in many equipment applications 
with low first cost. 


88/83 88|88/28|88 


| 


&nin— —o1 coo co°o\Cco 


it 
So 


New N= Ne) Ne | De 
SN 
oOo 


Ne) ani p—|-o 
$3/88|88\sa 











2 
3 





Integral (Motor 


Light-Duty — For intermittent service. Compressor) 


Quick pick-up, positive displacement. Re- 

semble heavy-duty models but without Light-Duty 
fans or deep cooling fins, not needed 

for brief operating periods. Simpler 

lubricator. (Not illustrated.) 


Ne 


Heavy-Dut 


Heavy-Duty —Fan-cooled —for long, con- adh sen a 


tinuous operation. Rotary design gives 
more air per lb., per hp. Automatic 
lubricator has self shut-off. 


——ae TO 45 C.F.M. 


Integral (motor-pump) — Compact, light Rec. Max. Vacuum, 
weight, “packaged” units. Save mount- in Hg. 


ing cost and time. Especially suited for Contin- 10 
vous 


bi : t. Rot ted Mi NetWt.* 
portable equipment. Rotor mounted on Model : . " Gell te. Lbs. : 
motor shaft. Rotary design gives quiet ' : : 
operation, pulseless vacuum. Vanes take Integral (Motor ’ 

Pump 02 ‘ 
up own wear. 4 
Light-Duty — For intermittent service. - : 
Give quick pick-up, trouble-free perform- Light-Duty i y ; 
ance. Resemble heavy-duty models but 0440 ' , 
without external fans or deep cooling 
fins. Simpler lubricator. . : 

P H -Dut 

Heavy-Duty — Fan-cooled — Built for con- y Ab P ss ‘ed 
tinuous service, dependability, minimum 1065 
maintenance. Forced air cooling, deep ord d 5 


cooling fins. Automatic lubricator has 4565 
self shut-off. 2565-V12A 1550-V2A 


*Weight without base or motor, except integral models. 
OIL-LESS AIR PUMPS Gast offers you specialized experience in air motors, compressors and vacuum 
pumps for original equipment. Based on numerous types and sizes, over 200 


different Gast models go into production each year. With the various accessories, 
these models have a tremendous number of applications. 


0 
1 
2 
3 
2 
4 
5 
) 
4 
4 
5 
8. 
7 
1 
3. 
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an 


2065-P10-G42 


*Weight without base or motor, except integral models 
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Available in 5 
sizes, separate WRITE TODAY for “Application Ideas” 


eae Booklet and Catalog, or Data on any model. 
Original Equipment Manufacturers for Over 25 Years 
Write for ‘Oil- 
less’’ Bulletin. 
“pales MPRESSORS - Vi 

(To 7 Hp.) (To 30 Lbs.) (To 28 Inches) 
ST MANUFACTURING CORP. &-0. Box !i7L. 


Benton Harbor, Mich. 











CIRCLE 538 ON READER SERVICE CARD PRODUCT ENGINEERING — Design Digest Issue 





HYDRAULIC AND PNEUMATIC EQUIPMENT 


QUALITY PERFORMANCE 
WHEREVER REQUIRED 


Select from full lines to operate and control a single OEM product 
...ora plant’s entire production line! 


yi Ss sua 


Schrader means quality .. . in complete lines of double-acting and single-acting 
cylinders in a variety of sizes .. . including JIC and miniature cylinders. Schrader 
Air Cylinders ... as well as complete lines of Valves and Accessories . . . are at work 


on many OEM products and in thousands of plants performing countless jobs. Your ee 
: : ° . : sizes and types of air 

Schrader Distributor is fully stocked . .. staffed with experts to help you solve any ceesies Gaede 
. . . stocked and cata 
air circuitry problem. loged by your Schrader 
distributor. Consult 
the yellow pages or 


write Schrader 





A. SCHRADER’S SON 
Division of Scovill Manufacturing Company, Incorporated 
477 Vanderbilt Avenue, Brooklyn 38, N. Y. 


QUALITY AIR CONTROL PRODUCTS 
CIRCLE 539 ON READER SERVICE CARD 539 





e division of SCOVILL 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 
Liquide / Gases! Solide/ 


DAYTON’S NON-COLLAPSIBLE, ULTRA- 
FLEXIBLE HOSE HANDLES THEM ALL! 





Wherever low pressure or vacuum transfer is used to 
move liquids, gases or solids . . . wherever light unit 
weight and extreme flexibility must combine with high 
tensile strength, plus the ability to withstand abrasion 
and rugged use— Dayton has a non-collapsible, flexible 
hose to do thé job or will design one to meet your 
specifications 


COULD ONE HELP YOU? 


Dayco Nylaflex* Hose is the most rugged plastic hose 
made. Exclusive NYLON reinforcement imparts greater 
flexibility, greater tensile strength and stretchability, 
plus longer life than ever before 


Dayflex* Current-Carrying Hose has a unique double wire 
construction which provides both structural strength and 
electrical capacity carries 110-115 volts and is UL 
approved 


Dayflex* Plastic Hose is a proven component of extreme 
flexibility and high tensile strength. Adaptations are now 
in use for Hair Dryers, Air Conditioning, Refrigeration, 
Resuscitators, and Vacuum Cleaners 


Dayton Dayflex offers technical assistance to develop 
new uses for all its noncollapsible flexible hose. Our re- 
search and sales engineers are at your service. Fill in 
the coupon and mail today 

Dayflex plastic, Current-Carrying and Nylaflex hose offer 


innumerable design opportunities as flexible piping, vent- 
ing or ductwork for industry, transportation or home 





SOME PRESENT USES 


Resuscitator Oxygen 
Hose FDA Approved 


Ton €? 
rn 


Dayfiex Current-Carrying 
Vacuum Mose 


Domestic Dryer Venting Hose 





Trade Mark. Patented and Patents Pending 


Dayton Dayflex Plastics Co. 


Division of Dayco Corporation, Dayton, Ohio (formerly Dayton Rubber) 


HEADQUARTERS FOR NEW IDEAS 


DAYTON DAYFLEX PLASTICS CO. 


Division of Dayco Corporation, Dayton, Ohio (formerly Dayton Rubber) 


Please send free 
samples of flexible 
hose as indicated: 
title 
[] Vacuum Cleaner 
[] Current Carrying 
] Nylaflex 

Vacuum Cleaner 

Nylaflex 

Swimming Pool city 


address 


firm 
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catalogs and bulletins continued 
(J-119) Packing Cartridges for Cylinders 

Bulletin, 8 pp. Furnishes plans and dimen 
sions of cartridges for pneumatic or hy- 
draulic cylinders. Pressure ratings to 1500 
psi. Hydraulic Accessories Co, 24301 
Hoover Rd, Warren, Mich 


(J-120) Control Valves—Brochure, 4 pp 
Describes aircraft quality high pressure 
valves including solenoid operated, pressure 
reducing, pressure operated and other 
valves. Hydraulic Research & Mfg Co, 
2835 N Naomi St, Burbank, Cal 


(J-121) Aircraft Servo Valve—Brochure 4 
pp. Describes a servo valve to control 
hydraulic cylinders. Electrical portion, 
which receives input signal, is dry. Hy 
draulic Research & Mfg Co, 2835 N 
Naomi St, Burbank, Cal 


(J-122) Aircraft Flow Control Transducer 
—Brochure, 4 pp. Describes a servo valve 
to control hydraulic cylinders. Valve has 
internal feedback and a dry electrical coil 
Hydraulic Research & Mfg Co, 2835 N 
Naomi St, Burbank, Cal 


(J-123) Cylinders—Bulletin, 12 pp. Pro 
vides dimensions and ratings of single and 
double-acting air and hydraulic cylinders 
for up to 5000 psi service. Hydro-Lin« 


Mfg Co, 5600 Pike Rd, Rockford, III 


(J-124) General Purpose Pumps—Catalog 
4 pp. Describes piston, flexible vane, rolle1 
pumps to deliver up to 400 psi, over 9 
gpm. Also motor-pump and engine-pump 
combinations. Hypro Engineering, Inc, 7 
39 Ave N E, Minneapolis 


(J-125) Pump and Valve Balls—Brochure 
8 pp. Ceramic, metal, plastic and syntheti 
sapphire balls are also used in bearings 
lable gives size ranges and properties. In 
dustrial Tectonics, Inc, 3684 Jackson Rd, 
Ann Arbor, Mich. 


(J-126) Air Motors—Bulletin, 16 pp 
Shows dimensions, construction and speci 
fications for piston and vane types from 
0.3 to 24 hp. Ingersoll-Rand Co, 11 Broad 
way, NYC 4. 


(J127) Cylinders—Builetin, 16 pp. Gives 
dimensions, operating characteristics for 
cylinders operable by air, steam, oil 
water up to 750 psi. Ledeen, Inc, 33 
N Gilman Rd, El] Monte, Cal 


or 
>U 
(J-128) Cylinders—Bulletin, 14 pp. Pro 
vides dimensions and operating data on 
heavy duty cylinders rated at 200 psi for 
air, 500 psi hydraulic. Bellows-Valvair, 
Div of IBEC, 230 W Market St, Akron, 
Ohio. 


(J-129) Small Air Cylinders—Bulletin 4 
pp. Describes single and double acting 
cylinders with strokes up to 4 in. at 175 
psi. Bellows-Valvair, Div of IBEC, 230 
W Market St, Akron, Ohio 


continued 
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ROTAC 


RECIPROCATING ROTARY TORQUE ACTUATORS 


Power provided to lift, lower, turn, rotate, index, 
clamp, toggle, transfer, press, load, unload, 
turnover or oscillate. 


Power available at any angle, in single or manifold 
installations, with shaft or body rotating in any 
arc to 280°. 


Power packed with torque ratings from 100 to more 
than 200,000 inch-pounds in standard models. 


Power controlled by valves for starting, stopping, 
slowing-down or speeding-up. 


Power source can be air, oil, or fire-resistant fluids. 
Rotac can also be supplied for use with corrosive 
fluids. 


Power engineered for the heaviest industrial appli- 
cationsor the lightest, most precise uses. Standard 
units as small as 6” x 434" (round body) or 614” x 
41%." (square body). 


EX-CELL-O FOR PRECISION 


for precise 
movement, 
instant torque 
in a compact 
power package! 


Large illustration shows construction of Model RN 
(roller bearing) Rotac. Above is a journal bearing type, 
Model HN. The special Rotac Reciprocating Torque 
Actuator at right delivers 1,400,000 in./Ibs. torque at 
1,000 psi. 


Power designed into 26 cataloged models, with 
over 300 ‘‘standard modifications’’ to meet your 
needs in size, torque, load, travel, operating tem- 
perature or pressure. (Engineering service avail- 
able for unusual applications.) 

Power protected by patented O-ring seals. Rotac 
has no complex linkage, no plunger action, no 
external moving parts. 


FREE DESIGN DATA BOOK 


20 pages on how Rotac works, torque 
ratings, dimensions, installation, typical 
applications and special uses. See your 
¥ Rotac Representative, or write direct. 


 MARUFACTURERS OF PRECISION MACHINE TOOLS + GRINDING AND BORING SPINDLES + CUTTING TOOLS 
+ DRILL JIG BUSHINGS - TORQUE ACTUATORS - CONTOUR PROJECTORS » GAGES AND GAGING EQUIP- 


MENT + GRANITE SURFACE PLATES © AIRCRAFT AND MISCELLANEOUS PRODUCTION PARTS « ATOMIC 


CORPORATION 


ENERGY EQUIPMENT ¢ RAILROAD PINS AND BUSHINGS + DAIRY AND OTHER ay EQUIPMENT Greenville Plant, 945 €: Sater St., Greenville, Ohio 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 
=> @ oF IS R-3 AA 


posite Nozzles 
TAN-JET 


SOLID CONE NOZZLES 


Non-clogging nozzies having a uniform 
solid-cone spray pattern, furnished 

in brass, steel, 303 stainless or 

other suitable materials for any 
application or process which 

involves sprayi ng of fluids. 

Sizes 4%4"—%3e"—¥2”" male or female conn 


‘SPAN-JET =. 


FLAT SPRAY NOZZLES 


For spraying or washing inside 
of tubular units or other uses 
where a circular wide-angle spray 


is needed. Made in two patterns 

160° hollow-cone spray or 180° flat 
circular spray. Available in brass or 
303 stainless steel — others on reque 


Sizes ve” — a" — 4," male conn 

Write today for new 32 page 

Industrial Spray Nozzle Catclog 

Fully reer ote The — ns wn Ww charts spray pa 


spray characteristic id bas engi 
types of nozzies 


EN) Wen. STEINEN Mesa. Co. 
rein 
$ INDUSTRIAL NOZZLE DIVISION 
41-47 Bruen Street, Newark, New Jersey 


SERVING INOUSTRY FOR MORE THAN FIFTY YEARS 
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Get the greatest benefit 
from Product Engineering 
by having your own sub- 
scription. 


Each week you can then read the 
articles and advertisements at your 
convenience—and set up your own 
information file. Use subscription 
card in back of this issue or write 
direct to: 


& Specials Galore Circulation Manager 
Product Engineering 


selection. Order L & L steel hydraulic fittings. 2? 3 rd Floor 


Land L Manufacturing Company 3 30 W. 42 nd St. 


The most complete line anywhere offers you the widest possible 


21590 Hoover Road + Warren, Michigan 


New York 36, N. Y. 








all from 
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Designing 


With the BD SEAL 
Ww 


PATENTS ISSUED AND APPLIED FOR 


—the newest advance 
in packing technology 
from PALMETTO® Engineering 


Lice 


INNER / ‘ OUTER 





, 


PALMETTO \ wence/| 


/ WEDGE WITH 
Pri | / INTEGRAL wipe 
J 





SNAP RING 
al RETAINER 


4 
4 





® The new Palmetto D-W Seal pro- 
vides a compact, low-cost seal 
which matches the performance of 
costlier, bulkier packings. De- 
signed primarily to provide a 
superior seal on rods subject to 
reciprocating motion in hydraulic 
or pneumatic service. 


The unique D-W Seal offers these out- 
standing advantages: SHARPLY REDUCED 
MACHINING COSTS © LESS COST FOR PACKING 
© SAVING OF SPACE © POSITIVE SEAL WITH- 
OUT EXTRUSION © INTEGRAL ROD WIPER 


HOW THE PALMETTO D-W SEALS 
slight 
square 


Palmetto D-ring, installed under 
compression, rests 
base... provides a positive seal under low 
or high pressure. Double wedge back-up 
rings contribute bulk and stability... 
guard the D-ring from rolling, twisting, or 
extruding. Self-centering action of seal as- 
sembly also adds bearing support... helps 
center the rod while under pressure. Lip 


firmly on its 


on second wedge exerts dependoble wip 
ing acfion...avoids need for 
wiper element. Entire D-W seal assembly 
fits into counter-bore in cylinder head... 
is secured with a snop ring near cylinder 
head's outside surface 

Since the D-ring element is furnished in a 
broad range of rubber compounds, the 
D-W Seal operates with any fluid and at 
temperatures from minus 7OF to 600F. The 
standard back-up wedge rings are made 
of nylon, but other plastics or metals can 
be supplied to meet specialized applica- 
tion conditions to give the D-W Seal com- 
plete versatility. 


seporate 


* For more particulars, write 


>» BN “ 


8 | ¢ 
is . 
ULL i ben B 


NORTH WALES, PA 
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catalogs and bulletins continued 
(J-130) Air Cylinders—Bulletin 12 pp 
Shows double acting cylinders with 2 to 8 
cushioned or non 
cushioned. Bellows-Valvair, Div of IBEC, 
230 W Market St, Akron, Ohio 


in. bores, 175 psi, 


(J-131) Control Cylinders—Bulletin 


Describes operation and uses of 


20 pp 
various 
configurations of cylinder-contro] valving 
packages which are air operated. Bellows 
Valvair, Div of IBEC, 230 W Market St, 


Akron, Ohio 


(J-132) Checking Cylinders—Bulletin, 8 
pp. Describes hydraulic cylinders used to 
smooth ont action of pneumatic devices 
Bellows-Valvair, Div of IBEC, 230 W 
Market St, Akron, Ohio. 


(J-133) Air 


Explains 


Lubricators—Bulletin, 4 pp 
operation of filter 
lubricate 
IBEC, 230 W 


units to 
regulate delivered air pressure, 
Bellows-Valvair, Div of 
Market St, Akron, Ohio 


(J-134) Air Control Valves—Bulletin, 10 
pp. Gives dimensions, electrical data on 
olenoid valves for controlling air cylin 
Includes electrical accessories. Bel 
lows-Valvair, Div of IBEC, 230 W Mar 


ket St, Akron, Ohio 


ders 


(J-135) Back-up Washers—Brochure 


Describes leather 


+ pp 


and elastomer combina 
tion washer used to support and protect 
O-rings and other packing shapes. C W 
Marsh Co, 22 Hudson St, Muskegon, 


Mich 


(J-136) Compressed Gas Driers—Brochure, 
> pp 


heaters 


Explains driers with and without 

Some can dry to 1O0F dew 
point or handle 5000 psi. Kahn & Co 
Inc, 885 Wells Rd, Wethersfield, Conn 


(J-137) Solenoids and Solenoid 
Catalog, 4 pp. Gives general description of 
ilves for aircraft, 
difficult environmental applications 
Koontz-Wagner Electric Co, Inc, 516 N 
Michigan St, South Bend 1, Ind 


Valves 


missile, ordnance and 


(J-138) Air 


Shows 


Valves 
solenoid, 


Bulletin, 12 pp 
pilot-operated control 
ways valves 


Be llow S 
Mark« t 


ilves. Two, three and four 
have 300 psi, vacuum capacity 


Valvair, Div of IBEC, 230 W 
St, Akron, Ohio 


(J-139) Safety and Relief Valves—Catalog, 
+8 pp. Presents temperature and pressur¢ 
limits, flow rates, materials, other data on 
Kunkle 
S Clinton St, Ft Wayne, 


valves for liquids and for gases 
Valve Co, 121 
Ind 


Gages—Catalog, 45 pp 


(J-140) Pressure ; 
furnishes specifications for Bourdon typ 
gages in range from 30 in. Hg vacuum to 
10,000 psi. Also accessory and calibrat 
Kunkle Valve Co, 121 S 
Wayne, Ind 


ing equipment 
Clinton St, Ft 





FOR 

MORE 

COOLANT PUMP 
ete), el.» Aa 


HEAD IN FEET 


| 

0 5 10 1S 20 25 3 35 

GALLONS PER MINUTE - SOLUBLE COOL ANT 
HEAD AND GPM MEASURED AT DISCHARGE 


*Performance Chart 


Gusher 


Sealess-Type 


Gusher flange mounted 
coolant pumps feature a 
simple design with no 
seals, no packing or prim- 
ing necessary. They are 
designed to mount on the 
side of the reservoirs with 
either external or internal 


Model 5-P 


Seal Type 


Rumaco pumps are seal 
type, centrifugal pumps 
that can be mounted in 
any convenient place. Pre- 
cision built, Rumaco 
pumps give efficient, trou- 
ble-free operation. Seals 
are the best obtai 


Mode! 5-S 


WRITE FOR FURTHER 
INFORMATION TODAY 


MACHINERY CO. 


* COOLANT PUMPS 
© CIRCULATORS + AGITATORS 
© MOLTEN METAL PUMPS 


1818 Reading Road, Cincinnati, Ohio 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


catalogs and bulletins... ..... . continued 


(J-141) Nylon Fittings—Brochure, 4 pp. 
Describes tubing fittings for instrumenta- 


* tion, laboratory, low pressure fluids. Jaco 

1 Mfg Co, 106 First St, Berea, Ohio. 
’ 2 (J-142) Plugs—Catalog, 8 pp. Describes 
method of sealing drilled holes with 


grooved plug expanded by taper pin 
The Lee Co, 523 Boston Post Rd, Old 


Saybrook, Conn. 
(J-143) Plastic Valves—Brochure, 6 pp 
These Y-valves resist corrosion by the 


chemicals listed. Sizes and other proper 
ties given. The Lunkenheimer Co, Beek 
man St & Waverly Ave, Cincinnati 14 


(J-144) Globe Valves—Brochure, 4 pp 
Describes bronze 150 and 200 psi steam 
valves designed for severe service. Th« 
Lunkenheimer Co, Beekman St & Waverly 


*Tested at 21% tons per square inch Ave, Cincinnati 14 


(J-145) Air Cylinders—Catalog, 
Double-acting cylinders handle up to 
i uir or oil, come in bores 14 to 10 
in. Lynair, Inc, 3100 E Michigan, Jack 
son, Mich 


(J-146) Hydraulic Equipment—Catalog, 56 
pp. Provides data on compact electrically 
driven power units plus cylinders, pres 


sure switches, fittings. Oil-Dyne, Inc, 211 


HYDRAULIC CYLINDERS W. Marquette Rd, Chicago 36 


(J-147) Sealing Rings—Brochure, 8 pp 
Shows hydraulic and pneumatic rubber 
sealing rings with round and other cro 

section Minnesota Rubber Co, 363 
Wooddale Ave, Minneapolis 


The New 


S H Hydr 


(J-148) Fluid Power Devices—Catalog 
pp. Describes hydraulic and pneumati 
cylinders, valves, regulators, filters, portable 
pump and others Includes dimension 
ind selection guides. Modernair Corp 
400 Preda St, San Leandro, Cal 


(J-149) Hose Couplings—Catalos 

Shows couplings for one size of hose 

and others that accept a range of sizes 
Mulconroy Co, 54 & Jefferson Sts, Phila 


delphia 31 


(J-150) Compressed Air Aftercooler—Bro 
chure, 4 pp. System cools and remove 
moisture from ompressed ur. ¢ apacitie 
up to ] } fm. J] A Murphy & Co 
Inc, 1421 High St, Hamilton, Ohio 


(J-151) Compressed Air Traps—Bulletin, 4 
pp. Traps remove condensate from ait 
lines. Maximum pressure is 150 psi. Also 
FOR ADDITIONAL INFORMATION trap heater to prevent freezing ] A 


WRITE—WIRE—PHONE TODAY Murphy & Co, Inc, 421 High St, Hamil 
ton, Ohio 


Pithou MANUFACTURING COMPANY (J-152) Pneumatic Products—Catalog, 81 


pp. Describes filters, pressure regulators, 


3823 PACIFIC AVE., CINCINNATI 12, OHIO lubricators, and valves, spray guns. C A 


Norgren Co. 3400 S Flati St. Englewood 
FLUID OPERATED AND CONTROL EQUIPMENT | Col 


continued 


544 CIRCLE 544 ON READER SERVICE CARD PRODUCT ENGINEERING — Design Digest Issue 





HYDRAULIC AND PNEUMATIC EQUIPMENT 


For Hydraulic and Pneumatic Devices 
4 ' 
Nothing rolls like a ellofram 


Rolling Diaphragm. it’s frictioniess! 


The Bellofram Rolling Diaphragm provides ultra- 
sensitive response in hydraulic or pneumatic devices 
where frictionless, long-stroke action in small diam- 
eter configurations is required ... and where flex 
life of millions of cycles is necessary. 


These desiderata are achieved through the rolling 
action of a flexible, thin-sidewall diaphragm con- 
sisting of a high-tenacity fabric overlay embedded 
in elastomeric material. 


Fig. I shows how Bellofram Rolling Diaphragm 
conforms to the piston. Fig. II shows how, as the pis- 
ton descends under pressure, the Bellofram Rolling 
Diaphragm rolls off the piston’s sidewall and onto 
the cylinder’s sidewall in a smooth, continuous, fric- 
tionless movement. 


The Bellofram principle can be applied widely in 
actuators, pumps, instruments, seals, accumulators, 
and fluid dampers. 


Which of these advantages are you looking for? 


To the designer confronted with sit- 
uations fur which conventional bellows, 
O-rings, or cup packings are inadequate, 
Bellofram Rolling Diaphragm offers a 
constellation of advantages found in no 
other product: 


. Friction-free (low hysteresis). 
. No break-out friction effects. 
- Nen-porous and leakproof. 
. Constant area in all piston positions. 
. Almost infinite fiex life 
(millions of cycles). 


changes. 





SEND FOR FREE LITERATURE 


Bellotram Roliing Diaphragms are protected by U.S.A. and foreign patents 


Bellofram 


® Registered trade mark U. S. A. and foreign countries. 


Burlington, Mass BRowning 2-2100 Mission 3-9000 
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. Sensitivity to extremely small pressure 


. Ne mechanical spring gradient. 

. Compatibility with practically all 
environmental gases or filvids. 

. Automatic de-icing action. 

. Free positioning with complete 
relaxation at any point in the stroke. 

. Does not require close machine finish 
tolerances on pistons and cylinders. 

. Freedom from abrasive wear. 

. One hundred stock sizes. Four mount- 


f 
ing configurations. Special types and 
sizes designed to order. 

. Excellent temperature stability from 
—B85°F. to 550°F. (from —120°F. to 
700°F. in some cases). Wide range of 
working pressures: 1 inch H20 te 500 
psi (up to 1200 psi in some cases). 
Effective pressure areas from .028 to 
108 square inches. Cylinder bore 
diameters from .25 to 12 inches. 
Extended range of stroke (.01 to 
12 inches). 





Some territories open for technical sales representatives 








Bellofram Corporation, 2! Blonchard Rd., Burlington, Mass. 
Please send free literature 

Name 

Position 

Company 

Street City 


I am interested in (state application 
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catalogs and bulletins . continued 
(J-153) Air Control Valves—Catalog, 112 
pp. Describes four-, three- and two-way 
valves which are solenoid, pilot and manu 
ally operated. Also manifolds and other 
accessories. Numatics, Highland, 


Mich. 


Inc, 


(J-154) Temperature Control Valves—Cata 


| log, 8 pp. Sliding-gate valve is used for 


“Ny 
i rrrertereeeeeen 


VELLU MOID 
VELLUMOID’S 


GROWING LIST 
OF 
GASKET MATERIALS, 


... IN TREATED FIBRE 
Vellumoid, 444 Fibre, 
Vellutex, Velcovex 

.. IN BEATER—ADD 
WG-1, WG-5, WG-25, 
Velbestos 250 (asbestos) 





— IN COMPRESSED ASBESTOS 
Velbestos 170-1, 170-5, 
130-B, 140-B, 170-48 


IN BUNA-N AND 
THIOKOL COATED 
GASKETS AND 
GASKET MATERIALS 
Bucar, Tycar, 
Coated Vel umoid 


_ IN OTHER NON-METALLIC 
MATERIALS 


| stock 


WRITE TODAY! 


(J-161) Hose—Catalog, 8 pp 


| steam, 


PP 
stant torque drives, cylinders, valves and 
| associated equipment 


| Corp, 2382 


| man-Miller Machine Co, Inc, 
Hammond, Ind 


sional 


water, air, oil, chemicals 
Also combination pressure and tempera 


OPW -Jordan Corp, 6013 


13 


gas or 


ture regulators 
Wiehe Rd, Cincinnati 


(J-155) Blowers—Catalog, + pp. Ventila 
tion and cooling blowers are driven by 
electric motors up to 2 hp. 
dimensions and performance 
Electric Div, H K Porter Co, Inc, 
W Market St, Warren, Ohio 


Tables give 
Peerless 


1401 


(J-156) 
Catalog, 12 pp 
of pump, motor, valves, cylinder. For up 
to 5000 psi peaks. Oil-dyne, Inc, 2115 
W. Marquette Rd, Chicago 36 


Miniature Hydraulics Systems 
Describes small package 


(J-157) Hydraulic Equipment—Catalog, 16 
Describes industrial size pumps, con 
The Oilgear Co, 


1560 W Pierce St, Milwaukee, Wisc 


(J-158) Lubrication Equipment—Catalog, 
34 pp. Describes oil cups, oiling systems, 
dispensers, valves, flow indicators, sight 
gages, filters Oil-Rite 
Manitowoc, 


and chain oilers. 
Waldo Blvd, 
Wisc. 


(J-159) Adjustable Stroke Cylinders—Bull« 
tin, 4 pp Shows construction, dimensions 
of cylinders with 14 to 8 in. bores. Ort 


19 143 St, 


| (J-160) Flexible Metal Hose, Tubing and 


Fittings—Catalog, 12 pp. Presents dimen 


standards, strengths, applications 
and physical properties of components and 
assemblies. Packless Metal Hose, 
Inc, 730 S Columbus Ave, Mount Vernon, 
NY. 

Describes 
hose and hose fittings for air, water, oil 
and fuel to 250 psi. Parker Fittings & 
Hose Div of Parker-Hannifin Corp, 17325 
Euclid Ave, Cleveland 12 


(J-162) Electro-hydraulic Servo Valves 


THE 
VELLUMOID COMPANY 


Associated with 
fy AND ALMY 

CHEMICAL DIVISION 

w. R. GRACE & CO. 


» & MASSACHUSETT 


wORCE TER 
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Three bulletins, 12 pp. Give performance 
curves, specifications and dimensions of 
two industrial and and air 
craft valves. Pegasus Laboratories, 


3690 W Eleven Mile Rd, Berkley 


one missile 
In 


Mich 


(J-163) Hydraulic Actuator—Bulletin, 4 pp 
Ram has provisions for mounting servo 
valve and position feedback potentiometer 
Strokes up to 10 in., 
3000 psi. Pegasus Laboratories, Inc, 3690 


W Eleven Mile Rd, Berkley, Mich 


operating pressure 


(J-164) Flexible Metal Hose—Catalog, 36 
pp. Describes hose for handling oil, steam, 
diesel other 
fluids 


barrel fillers 


and air exhaust, materials, 
Also rivet conveyors and automatic 
Pennsylvania Flexible Metal 


lic Tubing Co, Paoli, Pa 


(J-165) Air and Hydraulic Cylinders—Bro 
pp illustrates and 
gives specifications for cylinders and ac 
cessories. Petch Mfg Co, Box 456, Alpena, 
Mi h 


chure, 8 Describes, 


(J-166) Hydraulic Panels—Bulletin, 8 pp 
Describes building block type of panel 
Petch Mfg 


for hydraulic valve mounting 
Co, Box 456, Alpena, Mich 


(J-167) Control Valves—Brochure, 8 pp 
Presents sampling of hydraulic, pneumatic 
and cryogenic control vaives for airborne 
and ground support applications in the 
and aircraft industry. Pneu-Hydro 


Hill Rd, Cedar 


missile 
Valve Corp, 52 
Knolls, NJ 


Horse 


(J-168) Aluminum Pipe Fittings—Bulletin 
Presents sizes, uses, advantages of 
Forge & Fit 
Box 95, 


+ pp 
corrosion resistant fittings 
tings Div, H K Porter Co, 
Roselle, NJ 


Inc, 


(J-169) Branch Connection Fittings—Cata 
log, 6 pp. Shows weld fittings that replac« 
tees. For 4 to 14 in. branches 

Fittings Div, H K Porter Co 
Roselle, NJ 


regular 

Forge & 
Inc, Box 95 
(J-170) 


Provides 


Fittings—Catalog, 32 pp 
alloy 


Pipe 
data on 
steel 
fittings, sizes 4 to 4 in 
Div, H K Porter Ce 
NJ 


forged stainless, 
and socket 
Forge & 


Inc, Box 


and carbon screw-end 
: 

v« ld 

Fittings 


5, Roselle 


bro 


(J-171) Hydraulic Three 


12 pp. Provide performanc« 


Pumps 
hures curves, 
dimensional drawings and construction d¢ 
tails for 


for 300 psi 


variable delivery pumps rated 


50 and 


8500 


Three $IZCS arc 18. 


Hydraulics, 
Texas 


200 gpm Texas In 


Research Blvd, Austin 5, 


(J-172) Water 


Data sheets, § pp 


Temperature Regulators 
Shows domestic and 
| ss regulators for mixing hot and cold 
water or steam and water. The 


Regulator Co, 3490 Oakton St, Skokie. Il 


proce 


Powers 


(J-173) Diaphragm Control Valves—Data 
Shows sizes, capacities and 


heets, 16 pp 
sample systems for air or water operated 
valves controlling steam, hot or cold water 
The Powers Regulator Co, 3490 Oakton 


St, Skokie, Ill 


(J-174) Self-contained 
sheets, 16 pp 
installation diagrams 


Regulators—Data 
Contains sizes, capacities, 
Unit controls tem 
controlling flow of 
old water. The Powers Regulator 
Oakton St, Skokie, Ill 


perature by steam, 
hot or 
Co. 3490 


continued 
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Here’s a valuable guide to 





IT’S YOURS FOR THE COUPON! 


Making fluid power serve your product better is a 
constant challenge — a problem at times. This hydrau- 
lic fact file can help you! It contains complete 
information on the Webster hydraulic line . . . specifica- 
tions, installation diagrams, engineering characteristics. 
It’s a handy reference packed with specific information 
you want and need when hydraulics enter your design. 
Just check and mail the coupon. 


WEBSTER HYDRAULICS — a complete line 


of hydraulic components with unusual standardization 


& and wide interchangeability advantages. 


GEAR-TYPE PUMPS FLUID MOTORS LOCK VALVES FLOW DIVIDERS RELIEF VALVES DIRECTIONAL CONTROL VALVE 
Drive: dwect, gea belt Drive: direct, gear or belt Used with single-acting cylinder Capacity: 60 gpm Type pilot operated : 

Capacite p Capacities: to 20 gpm Pressures: to 2000 psi t t 

Pressures: to 2000 5 re es: to 15 Pressures: adjustable from hock Pressure: to 5000 5 
is: 1 400 rpm perating Speeds. | 0) rpm 500 to 1500 psi Relet Valves: factory set, a 


Operating Spee t 


oO Please send me your 
an LIcs DIVISION hydraulic fact file THE WEBSTER ELECTRIC COMPANY Ra 


WEBSTER | W ELECTRIC (1) Send an extra for our 
purchasing dept 
Cd RACINE -wis 


(CD) Have a Webster hydraulics 
mers bei engineer call (no obligation) City 
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pase Lng Own 


Single Turn Back-up RINGS... 
ALL THE NEW MILITARY SIZES — 
MS-28774, MS-28777 and MS-9058. 
Accurately machined to assure you the fullest utility 
range and life of your equipment. 


Only HALOGEN offers “MEMORIZED” 
TEFLON 


Halogen cylinder 
packing is known 
for operating success- 
fully and efficiently 
over the widest 
temperature and 
pressure ranges. . . 
because they are 
“MEMORIZED”. 


This is an EXCLUSIVE 
process which makes 
the packing lip 
“remember” the size 
of the rod or cyl- 
inder . . . and keeps 
it in sealing position, 
regardless of temp- 
erature variations. 


Send your prints for 
assembly details 
and find out about 
FIELD PROVEN 
AND ENGINEERED 
“TEFLON by 
HALOGEN.” 


HALOGEN 


INSULATOR & SEAL CORP. 


9960 Pacific venue, Franklin Park 


Engineers and manufacturers of 
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MAXIMUM 
WORKING FORCE 
IN MINIMUM 

>, WORKING SPACE 


Air or 
Hydraulic 


milwaukee 
CYLINDERS 


@ Quality Construction 
Throughout 

@ Gueranteed Top @ Precision Designed — 
Performance Heavy Duty Service 

@ Conforms to JIC Specifications 

Get oll the focts and see how Mil Standard Models 

waukee Cylinders con save spoce | Hydraulic Bore 

and weight .. . Save on origino! | Size 12 to 12” 

cost and save on maintenance | Air Bore Size 1% to 14” 

Write today for Specials built 
Free Bulletins A-100 and H-100 to your specifications 


MILWAUKEE CYLINDER CO. 
Division of lL. & M. Machine Company 
5755 SO. PENNSYLVANIA AVE., CUDAHY, WIS. 
CIRCLE 697 ON READER SERVICE CARD 


@ No Costly Down 
Time 


Mow [om Hives 
0" FLO-BALL 


volver a 


O {12 


e teat _ 
compare *ALO- ALL val¥ 
es 
wt Vacuum to 3,000 psi 
0° on-o 
Straight: oe 
Zero jeakage 
Lowest tor a 
Ends valve 
s 


gh Avid path 


of any valve 
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AIR-OPERATED | catalogs and bulletins... ..... .continued | LET’S TA [ 
EQUIPMENT NEEDS 


(J-175) Air Compressors—Brochure, 12 pp. 
Describes base and tank mounted air 
cooled compressors for up to 500 psi MA N | FOL D 
output. Quincy Compressor Co, 217 


THREE-WAY PROTECTION | Main St, Quincy, Ill. 


(J-176) Hydraulic Tubing—Brochure, 16 i 
pp. Shows manufacture and use of re- 
sistance welded, low carbon steel tubing. a 


Discusses compliance with several sets of 
standards. Republic Steel Corp, Steel & The advantages of (Almo) mani- 
FILTER | Tubes Div, 224 E 131 St, Cleveland 8. folds as opposed to other mani- 
Exclusive i< : ce folds are many. Their unique de- 
tornado action G-177) Cylinder Tubing—Beochure, $ PP- sign offers complete flexibility 
spirals dirt | Discusses properties, sizes, manufacturing . é 
and moisture | of resistance welded tubing. Republic in the one of take-offs and 
downward to | Stecl Corp, Steel & Tubes Div, 224 E valves. Thus an Almo manifold 
“quiet zone”. | 13) St Cleveland 8. is more adaptable to your re- 
Smaller particles as pais al ;' ed quirements. Here are 3 features 
are filtered out | (J-178) Corrosion Proof Pipe and Fittings that definitely effect performance, 
by porous | —Brochure, 6 pp. Schedule 40 pipe is ne a. 
bronze cone. | seamless steel. Steel or ductile iron fit weight and size. 
tings are rated for 150 psi. Both are 


lined with teflon. Resistoflex Corp, Wood- ALMO * 


land Rd, Roseland, NJ. 
REGULATOR | (j.179) Chemically Resistant Hose—Bro pete mc need 
Exclusive | chure, 12 pp. Hose and hose assemblies - 
; ; > pp se e 
ay are lined with teflon. Hose and fitting 
OT sizes, pressure ratings given. Also gives 
with minimum | ‘able of chemical resistance ratings. Re- 
pressure drop. | sistoflex Corp, Woodland Rd, Roseland, 
Aspirator acts | NJ. 
j + 
aatuiate (J-180) Corrosion Proof Piping Bellows— 
precise control, | Brochure, 4 pp. Presents pressure and 


Flow lines are short as possible 
with no corners or sharp recesses to 


steady pressure. | temperature ratings plus dimensions of collect dirt and obstruct flow 


molded teflon bellows. Resistoflex Corp, O ry 
_/ CONVENTIONAL 


Woodland Rd, Roseland, NJ. , MANIFOLDS 


= 
(J-181) Chemical Transfer Hose—Bro CS ALMO j 
hure op. Teflo ined hose takes 
C , & wp. Pefl n lined se take: Method of construction permits | 
pressures up to 150 psi. Construction utilization of area. smaller overall dimen 
and dimensions of hose and fittings are sions and fewer complications while mair 
correct channel dimensions an 


LUBRICATOR 
Exclusive high 
velocity 


venturi section ‘ ’ 
for efficient | Shown. Resistoflex Corp, Woodland Rd, oe 
constant yperating pressures 


atomization at | Roseland, NJ. capacity is a built-in quality 


air flow rates . ; . 
as low as 1 CFM (J-182) Plastic Pumps, Valves—Catalog, 
Automatic | 191 pp. Contains engineering data, main- 
bypass valve | tenance instructions, drawings of pumps 
maintains | rated to 40 gpm. Includes corrosion re- '  “EONVENTIONAL 
lubrication | sistant pipe, valves and fittings. Vanton MANIFOLDS 
at high rates. Pump & Equipment Corp Div of Cooper Rectangular cross section of flow 
j . é " lines ke ossible thinner overall 
— = Alloy Corp, Bloy St, Hillside, NJ. construction ‘ond a we ight than in 
avatiabie to comparable manifolds 
eliminate downtime | (J-183) Motor-blowers—Brochure, 6 pp. = I ~ + 
+ 
~ALMO 





and maintenance. | Blower units have capacities from 4 to a 

150 cfm. Units are designed for compact- CONVENTIONAL 
ness. Also come less motor. Ripley Co, a 
This hago = assures the continuous | Inc, Box 31, Middeltown, Conn. WEIGH THESE FACTS! 
supply of clean dry air, at a constant pressure, i in i i 

with just the right cant of lubrication at points | (J-184) Air Valves—Catalog, 18 pp. Gives | pat wie haw a dhe — 
of friction and wear, that pneumatic equipment | sizes, operation, construction of solenoid, 

requires today. air mechanically operated valves. Ross 


\ 
willy 
You get high efficiency from the Watts line of | Operating Valve Co, 120 E Golden Gate, Suersenne (e eee smnsammmaiateed 


advanced-design air line filters, regulators, and | Detroit 3. “ye 
“Perma Fog” lubricators. It’s the quality assembly. : . 5 | ie *THE UNIQUE 
Complete range of sizes: 4", %”, %”, %”, 1”. (J-185) Solenoid Air Valves—Bulletin, 7 FLUID CIRCUIT 
Write for more information. pp. Shows use of model as pilot head | LMO 
or valve. Designed for compactness, fast 
rrr e ene eee co. operation. Ross Operating Valve Co, 120 A 
wrence, Massachusetts, U.S.A. MANIFOLD & TOL CO. 


; E Golden Gate, Detroit 3. 
Specialists in protection and contro! devices since 1875 11472 KALTZ / CENTERLINE, MICH. 


continued 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


REPUBLIC 


VALVES 


INDUSTRIAL - EMICAL « AIRCRAFT 


CHECK 


Quality Check Valves 
of several types—ball, 
poppet, Hy-pressure, 
Free-flow—all metals, 
various portings, and 
pressures up to 5000 psi. 
Pipe and tube sizes up to 2”. 


RELIEF 


In-line and guided piston 

type Relief Valves. Metal or rubber seal 

lg” to &%" pipe or tube connections. Var 

ious metals. Many settings to 2750 psi 
Also Pilot-operated type, with 
quick unloading and silent opera 
tion, 4%” to 2” to 5000 psi. Remote 
control pilot available. 


Precision-made Plug Valves for 
wide general use in brass, alu- 
minum alloy, or stainless steel, 
6" to 1”. +32° to 160°F. 
With Teflon plug, -65° to 
250°F, without lubrication. 
Aluminum alloy or stainless 
steel. 


GLOBE 
AND NEEDLE 


Super duty shut-off valves, angle and 
offset, for up to 5000 psi service, }«” to 
2”, with mounting holes, and panel 
mounting brackets. Also high pressure 
Needle Valves for 10,000 psi. working 
pressure—proofed at 25,000 psi. One 


” 


piece, stainless steel, %” to 14”. 


LO-TORQG SELECTOR 


Directional flow oes for serv- 
ice up to 6000 psi. Balanc- 
ing principle a ‘line pres- 
sure to make turning easy 
with short handle. 2, 3, 4- 
way, with various drillings. 
Side, bottom, and sub-plate 
perting. Panel mounting. 

4” to 2”. 


Ask for new catalog, No. 654A, 
showing entire line. 


Distributors in principal cities coast to coast. 


CHECK RELIEF GLOBE NEEDLE 





15655 BROOK PARK ROAD, CLEVELAND 35, OHIO 
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PAT. PENDING 


Eliminates leaks in oil, air, 
water, vacuum, chemical lines 


Tru-Seal saves hours in assembling piping 
installations because it enables you to fitting as SIDE ~ 
run your pipe line. in any direction you oo gl 
wish, quickly ond easily—without having 


hand tight. , 
to recut and re-thread piping sections ; 


Thread ¢) 


Tru-Seal 


onpipecr SEAL se 


> 





Wherever used on air, oil, water, steam, 
vacuum or chemical lines, it seals perfectly 
at —100° F. to plus 500° F.—without the 
use of pipe dope. Its installation requires 
only light tightening torque, thus elimi 
noting over-tightening damage to valves, 
pumps, compressors, and other fittings 





For further information write 
J 


TRU-SEAL owision ree 


FLICK-REEDY CORPOR ON leakproof 
assembly 
7NO18 York Rd., Aviso il. only light 
orque 
required). 


“Miller Fluid Power’’ is also a Div. of Flick-Reedy Corp 
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G0OVEGUGO 


ke 44," OD -- 


GORTITE (new neoprene) 
ies Lic ae 


BOOTS 


Ask for new bulletin AH-3, 
describing applications for 
hydiaulic cylinders, jacks, 
rams, etc. 


A&A MFG. COMPANY, Inc. 


712 S. 12th Street, Milwaukee 4, Wis. 


Booth 481 Production Engineering Show, Chicago Sept. 6-16 


BELLOWS—-BOOTS—-SLEEVES—-WAY-PROTECTORS 


ep 


Soeag 
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HYDRAULIC AND PNEUMATIC EQUIPMENT 


catalogs and bulletins continued 

| (=) 
(J-186) Pressure Boosters—Catalog, 14 pp ® 
Many charts and tables describe hydrauli 
tanks, and boosters which convert 80 psi 


ith, Asa psi “ee a é FLUID POWER PRODUCTS 
ig Lor, ° urora Kd, Ulev NRA — 


land 39 Air and Hydraulic Cylinders from 50 to 5000 P.S.I. 
(J-187) Valves and Cylinders—Catalog WELDED FLANGE AND SPECIAL CYLINDERS 


Class M: Heavy steel tubing Custom Engineered: Extensive 
with welded flange construc- engineering and shop fa- 
™” andl som 4 14 in. bor - tion eliminates tie rods. Avail- cilities, plus over 40 
aN nd 4 “4 , x able in all mountings, up years’ experience building 
psi. The S-P Mfg Corp 020] | to 16” bore. For all types rugged, hydraulic scrap 
. : ‘ . : of heavy duty appli- metal baling presses, 
Cl land > cations, air, oil or available when you need 
Model E water, at pressures special cylinders in any 
J-188) Hydraulic Cylinders log Class M to 650 P.S.I. bore, stroke or pressure. 16” x 10” 
For quotations send speci- High-Pressure 
Provid dimensi ) cl fications and/or drawings Hydraulic 





Drawing ind tabi 





LOCK-RING FLANGE, HIGH PRESSURE HYDRAULIC CYLINDERS 


’ | Class 4: Fabricated from heavy-wall, honed steel tubing 
S-P Meé Tl Choice cush | 
| Rugged construction no tie rods oice of cushionec 
Rd. Cl land or non-cushioned heads; 5 standard mountings, Model C 
pressures to 4,000 P.S.I. Class 4 


(J-189) Electro-hydraulic Servo Valves 


I SQUARE HEAD, TIE-ROD CYLINDERS 


Cless 3: Square head, Cless 6: These Bore- 
steel plate, honed steel Rated Air and Hy- 
tubing and tie-rod draulic cylinders are 
construction. Choice similar to Class 3 
of cushioned or non- in construction. - 
. cushioned heads. 18 Available with A 2 
Basic standard mountings. either honed steel or 7” Model F 
Class 3 Completely J.1.C. In- hard drawn seam- Class 6 
NH Cylinder terchangeable with other less brass tubing. For 
square head hydraulic air pressures to 250 P.S.I.; hydraulic to 
J-190) Tube Pumps B } cylinders. Pressures to 3,000 P-.S.I. 1,000 P.S.I. Meet or exceed all J.1.C 
. requirements 





SQUARE BARREL CYLINDERS 


Class 7: World’s First! Unmatched appearance, durability 
and light weight Clean-lined, flush, four-square 
design; no tie-rods, no complex head 
: ~* locks. Widest range of interchangeable « © 
j-19] Air Compressor 7 ‘ ] HB Mounting mountings. The most versatile air : E Mounting 


Class 7 and hydraulic cylinder Class 7 
| ( it not AR SIRES ee ns Ma 








BRASS TUBING AND TIE-ROD CYLINDERS 


Class 1: Self-sealing com- Class 2: Similar in con- 
, position cup packings struction to Class 1, but 
HH 6 standard mountings. cylinder wall (brass 
* Choice of adjustable tubing) recessed and 
(J 192) Fuel Gage Svstems 1 r cushion, self-regulat- gasketed into Iron 
ing or non-cushion Alloy cylinder 
heads. Diameters heads. Recommended 
Model A from 1%” to 16”. For for pressures to 500 Model E 
Cless 1 pressures to 250 P.S.I. P.S.1., air, oil or water. Class 2 
i i 


In 


( t — 4 During the past 30 years, NOPAK Class 1 and 2 cylinders earned ae. 
n. NY their reputation as “'The most cylinder for the least money." 


1.193) Hydraulic Power Units—B: NOPAK VALVES for precision control of fluid power 


f specification : : NOPAK-MATIC POPPET-TYPE, PILOT-OPERATED VALVES 
ervoir. a 1 : : , Fast acting, high volume air valves in pipe sizes from \%” to 
I — ‘ } 1%” with master (air piloted) single or double solenoid 


nee ind vali I a Mounting choice: Side or bottom ported sub-plates or mani- 
R Hyd . 7 re folds No valve seats machined in valve body Removing 
pencer yata | e cover plates affords easy access to piston poppets housed 
. - within removable, interchangeable cartridge 100 1.C 

ne, W Series 310 . sree mares Se ’ 


2. or 3-Way Easily modified for vacuum operation. arr 





NOPAK MODEL "VY" PILOT OR SOLENOID VALVES 
These small, compact, low-priced, 3- and 
4-way valves are furnished in two basic 
cycles Type AR (air return) always re- 
turns to initial position when solenoid is 
de-energized or pilot exhausted. Type R 
remains positioned as last energized until 
opposite solenoid or pilot is actuated. For 
" TYPE AR full description ask for Bulletin “V"’ 
(J-195) Silicone Rubber O-rings 
_— Lists siz mat 1] 


MS. AN. Ord: " NOPAK ROTATING DISC VALVES 


Mar - The original NOPAK Valves, available in 2-, 3-, 
y 4-way, and many special cycles, for control of cyl- 
inders to 500 P.S.1., air or hydraulic Precision 

lapped rotating disc and body seat are always 

: tected from pressure flow or exhaust These 
J-196) Hydraulic Steel Tubing I 3- and 4-W priced valves with their simple, rugged, packless 
' | , tabl f sll a Hond ag construction have never been equalled for durability. 





3- and 4-Woy 
Foot Valve 
Summ 


rill no ( Div f LE LTS SETS i ORM innate 
Steel 2 ey R 7 GALLAND-HENNING NOPAK DIVISION 
. 2762 S. 31st St. @ Milwaukee 46, Wis. 

See Telephone Directory Yellow Pages under 


""Cylinders'’ and ''Vaives’’ for the name and 


VALVES and CYLINDERS address of your nearest NOPAK representative. 





PRODUCT ENGINEERING — Mid-September, 1960 CIRCLE 551 ON READER SERVICE CARD 551 





HYDRAULIC AND PNEUMATIC EQUIPMENT 


if you use 
4 


PRESSURE 
SNUBBER 


Now! CHEMIQUIP, 

THE ORIGINAL 

GIVES YOU TYPE 316 
POROUS DISCS, EXCLUSIVELY 


| 

SMALL, COMPACT 

INEXPENSIVE 

RESISTS 

! CORROSION 

What they do: Chemiquip pressure snub- | EASILY CLEANED 
re rea | 

| 

| 

| 

| 

| 

| 


* NO MOVING 
PARTS 
CONFORMS WITH 
U.S. NAVAL 
SPEC. MIL-D-2940 

AVAILABLE 
STAINLESS 

STEEL, BRASS 
URAL 

R MONEL 


ber jive steady average 
ng ¢ 
fluctuatior 


failure 


Popular uses: damr 
rges; for mercury 
and filter 


Write today for illustrated fully-detailed Bulletin B-55 


CIRCLE SEAL = CHEMIQUIP C0. @ casn.srssia"""" 


9500 Series CIRCLE 702 ON READER SERVICE CARD 


Rita Roylyn Says 


MINIATURE LEAKPROOF “Everyone is voting for the NEW 


SHUTOFF VALVE 2,,Grr corunss’ 
Gy ~CAIR ~ 


LEAKPROOFMANSHIP...a word not found VOTE 
in Webster’s but coined to convey our phil YES xh 


osophy (and we live up to it, too) of perfect 


leak woot se; ig No ( el b aggadoc oO . 
| Ww | ! Piste ; eon A ’ aid tl ‘ © HiGh QUALITY 
) ali ODM ‘ Ok CC ‘ l S S« 1 
the very be st things come in small packag S e LOW COST 
@ |MMEDIATE DELIVERY 


and this is especially true of the Circle Seal 





% one ic C 1 serie 
9500 Series Valves. Miniaturized at no sac- Pneumatic Coupling Series 
For shop air line applications 


rifice in quality, these valves operate from PT Coupling Series 
0-2000 psi while maintaining all the features See Mit ieienatiietaal ds 
that have made the name CIRCLE SEAL 


synonymous with valve quality 





Leakproof in vacuum or pressure service 
Straight through flow 
Positive position indication 

. . Ne. 250-2 CONNECTOR 
Provides accurate metering for use with COUPLING No 250 
Effortiess opening and closing 
“O"’ Ring seals virtually eliminate wear 
Convenient 90° “‘T’’ handle 


| 
CIRCLE |CIRCLE SEAL PRODUCTS COMPANY, INC. ie. HES CHEN : 
} 2181 East Foothill Boulevard « Pasadena, California for use with COUPLING No 253 No. 253 PT COUPLING 
- "THE BEST CONNECTIONS IN THE WORLD 
e SEAL Write today for your ThyplAIR Catalog to: 


AIRATERRA, 620 PAULA AVENUE, GLENDALE 1, CALIFORNIA 




















Ore. 
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catalogs and bulletins continued 
(J-197) Centrifugal Pumps—Cata 


Present tion method 


(J 199) Gas Pressure 


Regulator—B 
} ; ] ] 


J-200) Metered 
I 


Lubrication 


\ 


J-201) Metallic O-rings 


] 


202) Flexible Metal Hos« 


\ 


Viet 


203) Solenoid Valves 


N] 


204) Flexible Air Ducting 
Niet t 


— 
205 


Control Valves—( 


( 


\ | N] 


Gaskets, Packing and Washers 
1) hect if 


1 
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Northern 


ability to handle 


Nitralloy 
difficult 
They’re able to do so because they 
tolerances of extreme accuracy from a 
metals. Rugged design plus precision 


NORTHERN 
NITRALLOY 
PUMPS 


for their 
assignments 
built to 
variety of 
construction 


Pumps are noted 
pumping 
are 


equals years of good service 


Pump sections and parts are interchangeable and 


can be made from 
steel, 


stainless steel, 


Nitralloy, ni resist, cast 
bronze, aluminum and 


iron, 
other 


metals. This permits designing pumps for virtually 


any application 


Northern Pumps 


are available in capacities from 
1/4, to 146 gpm at pressures up to 2,000 psi 
catalog and engineering data 


For free 


write today 


Northern Ordnance Incorporated 
Subsidiary of NORTHERN PUMP COMPANY 
Minneapolis 21, Minnesota 


The biggest step in 
business... the short 
distance from the 
middle to the top 


Companies are still canvassing col- 
leges like crazy for bright young 
engineers and technologists 

But what about the man with 
ten or more years invested in his 
company? Here he is, ready to take 
heavier 


on How 


responsibility 
much longer must he wait? 

Upstairs in his company, man- 
agement will tell you their biggest 
job is finding new top talent. And 
what they are seeking most in a 
man is something more than just 
his proficiency in his post. 

They're seeking an alertness to 
all phases of the business... long 
range planning, policy-making, new 
product development and research 

. breadth as well as depth. 

The men who edit this particular 
McGraw-Hill publication for you, 
recognized this responsibility long 
ago. They answer it in these pages. 
Here, is the perspective you need 
to push ahead. And as you read, 
keep reaching, for 
Men who read more...earn more! 
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ANOTHER 
FINE QUALITY 
PRODUCT By 


FILLER CAPS 
& SCREEN ASSEMBLIES 


For HYDRAULIC 
FLUID and OIL 
RESERVOIRS 


BREATHER CAPS 
Vented type made of 
cadmium ‘plated steel 

Twist lock fasten 
securely into flange 


With or without chair 


CLOSE NECK 
FLANGE 


Cadmium plated stec 


l rcle 
} 


30-MESH BRASS 
WIRE SCREEN 


" 
aily we 


tructed bra 


noche leer 


che 


Write Today For | The LENZ Company 
FREE Tube-Hose 3307 Klepinger Road 


Dayton 1, Ohio 
Fittings and Phone: CR 7-9364 
Accessories 


For Nearest Distributor See 
Catalogs Thomas Register A-Z Section 


See Fluid Power Directory for Complete Catalog 
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catalogs and _ bulletins continued 


BUSINESS STAFF 


La GK¢E SE _ | LLOYD R. LAWRENCE advertising sales 


nanager 
Power Cylinders 


—p n 4 u m a t l C al , ; : P } PRITCHARD manager, market develop 


a 
ment 


[ ’ l }| lyd nd vit THOMAS R. COASH circulation 
4 | ' ' . t 1 I " Cc. C. KANE reader service manager 
| J | — ’ t RUSSELL T DOUGLAS business manager 
Jia to aang a 
automatic or manual 
. ee ” 209) Ait Compressors ta ATLANTA 3 Ray K. Burnet, 1301 
trip or reset MITE I ts d is a f Rhodes-Haverty Bidg, Jackson 3-695] 


ADVERTISING SALES STAFF 


BOSTON 16 M. A. Williamson, Jr 
350 Park Square Bldg, Hubbard 2-7160 
CHICAGO 11 Mid-Western Adv Sales 
Manager, A. E. Meanor R. W. Bruley 
l Anderson 520 N Michigan Ave 
210) Connectors—Cata l Mohawk 4-5800 
CLEVELAND 13 A. F. Tischer 
Illuminating Bidg 55 Public 
Superior 1-7000 
DALLAS 1 John Grant, 901 Vaughn 
Bldg 1712 Commerce St Riverside 
7-5117 
DENVER 2 John W. Patten Tower 
211) Valve Couplings | { Bldg, 1700 Broadway, Alpine 5-2981 
DETROIT 26 P. B. Robinson, 856 
Penobscot Bldg, Woodward 2-1793 
HOUSTON 25 Gene Holland, W-724 
Prudential Bldg Jackson 6-128] 
LOS ANGELES 17 Robert Obenour 
Kinetic Clamp Pump—!] 1125 West 6th St, Huntley 2-5450 
bat ' ' NEW YORK 36 B. K. Adams, F. J 
McKinley, 500 Fifth Ave, Oxford 5-5959 
PHILADELPHIA 3 John B. Lewis, 6 
Penn Center Plaza, Locust 8-4330 
PITTSBURGH 22 C. F. Leveroni 
J-213) Air Cylinder Device Gate oe Center, Express 1-1314 
oT LOUIS 8 R. W. Bruley. 3615 Olive 
st, Continental Bldg, Jefferson 5-4867 
AN FANCISCO 4 W. C. Woolstor 
C Post St, Dougla 2-4600 


MITE 


able pneum 








Do Your OPIES 
| ()} 
| 
Product Engineering 
ARRIVE ON TIMI 


J-214) Hydraulic Cont 


SEE eo, If not, perhaps it is because there 
— Input For Loading to Crlinderns | s an error in the address. Look 
ignal Output Nullify ‘E , at the > . 

ao tg agell TRIP 10 OPEN it the address label now 


Signal Output if i heat I Check for 
Vent on trip Co f I 


Remote Pneumatic and ; Spelling 


fat) 
Remote Pneumat: 
Reset 


Street Number 
Street Name 

216) Hydraulic Power } : ; 
Ger tamplete di on the “ayrer’ ; and in particular 
WIT#F Si f 


GEORGE : say irae oie, Incorrect zoning or no zone num 
t eg ber where one should be can 
Dy-N H I slow up delivery by hours or 
days. Check now and let us 
COMPANY, INC. ' 


86 TUPELO STREET 
BRISTOL, RHODE 


Zone Number 


J-217) Hydraulic Cylinder know of any corrections 


Product Engineering 
tatin 330 West 42nd Street 
gl ge Fe ys New York 36, N. Y. 


AIRCRAFT AND MARINE INDUSTRIES 


500 
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